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PREFACE 


TO 

THE SECOND EDITION. 


Tub author has endeavoured to increase the 
usefulness of the work and ‘render it as practical 
as possible. With this view it’ has been revised 
throughout, and many of the articles have been 
enffrely re-written. Much that related merely to 
manipulation in the first edition, will be found in 
“ How to Work with the Microscope,” and has, 
therefore, been omitted in the present one. In 
place of this, much matter beaming more exclusively 
upon Medicine has been introduced, and upwards 

• f 

of sixty new and original woodcuts have been 
inserted. 


27, Cabby Stbeet, 
Octoher 1, 185S. 



PEEFACE 


TO 

THE FIUST EDITION. 


A SHORT course of lectures^ wliicli was given in tin; 
spring of last year, forms the basis of the present volume. 
To the notes wJiich had been i>re])ared, and Avhich the 
author had originally intended to print for the use of his 
pupils, much has since been added, and it is hoped that, in 
its present shape, the work may ^ afford some assistance to 
practitioners and students in medicine who employ the 
microscope in clinical investigation, of in physiological and 
2)athological inquiries. 

In the present day, this braneh of investigation is being 
pursued by all who arc most anxious to increase our know- 
ledge of the structural alterations taking 2)lacc in disease, 
and of adding to our information with reference to some 
of those imjjortant j)rocesscs which interfere with the due 
Ijerfor^mancc of the healthy fuketions of different organs^ — 
investigations in which all may find amide €;mployment, 
and may thus contribute to the advancement of the true 
interests of their profession, and aid in the elucidation 
of truths which may ultimately promote the intci’csts and 
welfare of mankind in a degree not Dss than they will add 
to the advancement of science. 

Except in cases referred to in the text, the w^oodcuts, 
which have been carefully executed by Mr. Davies, have 
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been copied from drawings taken by the author from objects 
actually under observation. 

The dimensions of all the drawings which arc magnified 
with one of Powell’s quarter of an inch object-glasses, can 
be readily ascertained by applying to them one of the scales 
figured in page 44, which represents divisions l-10(K)th, 
1 -100th, &e. of an inch apart, magnified with the same 
power as the objects delineated. 

In ])repaiing the work, the author has to acknowledge 
the assistance he has derived from the suggestions of many ; 
and he is very desirous of taking advantage of this oj por- 
tunity of a^nowhalging how much he owes to his kind 
friends Dr. Todd, Mr, Bowman, ^^r. Johnson, and Dr. Acland, 
not only for the valuable assistance and information which 
he has on all occasions^ derived from their instruction and 
advice, but also for the warm encouragement they have 
constantly aflbriled^him while he was a pupil and ever since. 

To his friend. Dr. Conwry Evans, the thanks of the 
author arc also due for much kind assistance. 

27, Carey Street, 

4<fh A-pril, 1854. 



EXPLANATION OF THE PLATE. 


AU the tthjectHf cxctpf. 0 find 10, are mag7iifi< (l 215 diameters. 


J. Blood-crystals from the finger of a healthy man, treated with a 
droj) of water. 

2. Another specimen of human blood-crystals. 

3. Crystals obtained by diluting putrid blood with a drop of water. 

4. Crystals found among some clots wlii^h had been effused into a 

large hydatid cyst of the liver.* Two are seen to be situated 
within a large oil globule. 

5. Guinea-pig’s blood, crystallized, after the addition of a drop of 

water. 

(). Very large crystals obtained from Guinea-pig’s blood, — magnified 
40 diameters. 

7, Crystals obtained from dog’s blood after tlie addition of a drop 

of alcohol. 

8. Crystals from squirrel’s blood. 

0. Crystals from cat’s blood after adding alcohol. 

10. Crystal’s from mouse’s blood after the addition of a drop of ether. 


* The liver from which these crystals were taken, was shown at the 
Pathological Society by Dr. Pollock, March, 1854 
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THE 


MICROSCOPE 


IN ITS APPLICATION TO 


PRACTICAL MEDICINE. 


INTRODUCTION. 

In the present M’^ork it is my wish to direct attention to 
that branch of microscopical investigation which has an im- 
portant bearing upon the practice of medicine, upon the 
investigation of the healthy structures of the human body 
and the changes which these undergo in disease. Although 
no attempt will be made to describe very minutely the 
anatomy of the various tissues, it is nevertheless desirable to 
allude briefly to their most important anatomical characters. 
It is intended specially to consider the practical methods by 
which such investigations can be most successfully carried 
out, and the means at our disposal for demonstrating the 
minute structure of the^various tissues, deposits, &c., with th^ 
characters of which it is important the practitioner should 
be acquainted. 

My chief aim will therefore be, to endeavour to show how • 
the structures are to be submitted to examination, but I 
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INTBODDCTION. 


shall also attempt to describe briefly, what appearance they 
present under the microscope. 

The question often occurs, •whether an object should be 
examined while immersed in some fluid medium, or simply 
enclosed between two pieces of glass, without any previous 
preparation. Again, it will be inquired what liquid is best 
adapted to display the minute structure of the substance 
under, examination, or in what manner can we hope to pre- 
serve most effectually the characters it possessed when recent, 
in order that it may be compared with other specimens at a 
subsequent period of time. The application of certain 
reagents may be necessary, either to dissolve substances 
which arc accidentally present, or, perhaps, to render one 
element of the tissue more transparent, in order that the 
structure of another constituent may be better observed. 

1. Tbe value of th<^ Microscope as a means of Diagnosis, Acc. 
— To the i)ractitioncr, a famibar acquaintance with the 
microscopical characters of the tissues in health, and a 
knowledge of the way in which their structure is to be 
demonstrated, are essentially necessary. Without this, how 
can he expect to be able to investigate the changes which 
take place in certain textures in disease ; or to make out the 
complicated structure of morbid growths? In the examina- 
tion of urine and other secretions, he may fail to discover 
the presence of most important deposits, in consequence 
of not being acquainted with some very simple mechanical 
contrivance adapted for collecting them ; and, in many 
instances, he may make an incorrect diagnosis in an 
obscure case of disease, in consequence of not knowing 
the best plan of submitting a substance to microscopical 
examination. 

It is needless to discuss the vast importance of micro- 
scopical research in the study of anatomy and morbid 
anatomy, and hence its bearing upon practical medicine. We 
are dependent upon it for all advance in our knowledge 
of the changes taking place in the tissues in health and 
disease, and it affords the principal mode of ascertaining the 
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wonderful history of the changes which occur in the develop- 
ment and growth of morbid structures. In many instances, 
however, the microscope is of the greatest immediate use 
to the practitioner, and there are a number of cases the 
diagnosis of which is much facilitated, and often placed 
beyond all doubt, by its use. It may be well here to refer 
briefly to a few of those instances in which the microscope 
can be shown to have been of direct use to the practitioner 
in the diagnosis of disease, as well as in the study of morbid 
anatomy- 

Diseases of the Kidney . — There is no class of diseases in 
which its powers have been more advantageously brought to 
bear by the practical physician, than in those of the kidney. 
By a microscopical examination of the urine, we are fre- 
quently enabled to ascertain the nature of morbid changes 
which are going on in the kidney, and even to distinguish, 
during life, the existence oft certain well-defined pathological 


Fig 1 



Casts from the uriniferous tubes, a, Casif from a tube from 
which the epithelium has disappeared. 1. Narrow cast from a tube 
to which tlic epithelium is abnormally adherent, x 216. 


Fig. 2. 



Casts of the uriniferous 
tubes containing free oil 
globules, and cells filled 
with fatty matter ; from a 
case of fatty degcn(?ra- 
tion of the kidney, x 216. 


conditions of that organ. The laborious researches of 
Dr. Johnson have shown us how, by the peculiar character of 
the casts (figs. 1, 3) of the uriniferous tubes, which are found 
in the urine, we can ascertain whether the epithelium be 
desquamating, or, on the other hand, if it presents no such 
tendency, but remains firmly attached to the basement 
membrane of the tube. If the epithelium be tmdergoing * 
that peculiar change termed fatty degeneration, we shall 
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often he able to ascertain the fact by examining a specimen 
of the deposit by the microscope. So again, by the presence 
of certain otlier deposits. 


knowledge 


of tlie 





Casts from the uriiiiCcrons tubes. Some eonfniii 
epithelium, others dark p^nimilar matter. J’lie cells 
* in the upper j)art of tlu; tij^urc are derived from 
the mucous membrane of the bladder, x 215. 


and a 

symj)toms usually asso- 
ciated with tluiin, the 
physician is enabled to 
direct his attention, as 
the case may be, to the 
existence of local cdiangcs, 
affecting some part of the 
genito - urinary mucous 
membrane ; or to more 
general derangement con- 
nected with primary or 
secondary assimilation. 

The nature of some deposits eari only be detected by 
using the microscope, and it is in many instances absolutely 
necessary that the practitioner should ])o acquainted with 
their presence if he is to understand the natui’C of the malady 
yf^ith which Ixis patient is afflicted. 

Sjmtu77i » — The microscopical examination of sputum some- 
times affords most important information, and in all doubtful 
cases of chest disease the sputum should 
be carefully exarniiicd. The presence 
of small portions of jiulmouary tissue 
affords incontrovertible evidence of the 
formation of a cavity, and the breaking 
down of tlic walls of the air cells. 

Vomit . — The microscopical exam- 
ination of the matters vomited in cer- 
tain cases, has })roved to us that minute 
fungi, originally discovered by Pre- 
fessor Goodsir, and named by him Sar- 
cinre Veiitriculi (fig. 4), arc met with 
in connection with retention of the 
food for a long period in the stomach, usually dependent 



Vomit contuininj^ Sarcime. 
a. Sarcimii vcntriculi. h. 
Stardi granules partially dis- 
solved and rendered trans- 
parent. c. Minute oval fungi 
usually present in vomit con- 
tuinirigSarcinse. d. V'^ibrioncs. 
e. Oil globules, f. Starch glo- 
bule from bread, cracked but 
not as yet softened, x 215. 
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upon a contracted jiylorus, and resulting either from thicken- 
ing of the tissues^ or due to the contraction of the cicatrix 
of an old ulcer. These remarkable cases occur much more 
frequently than was formerly supposed, and form an exceed- 
ingly interesting class of diseases. Siudi cases seldom 
recover. The patients comjilain of a peculiar burning 
sensation in the chest. The vomit usually fcu'incuits like 
yc'ast for an hour or two after it has been I'cjcictcd, and 
ofte n contains food which has been retained in the stomach 
for many da} s. 

Fatty Degeneration , — Of late years, the remarkable 
changes which take place in some of the highly compk*x 
textures of the body, as w(dl as in i r>. 

the most simph^ and elementary, in 
consequence of which their propei-ties 
become changed, and their functions 
impaired, or altogether * destroyed, . : 

have been undergoing careful inves- ^ |(k 

tigfition by a vast nundicr of highly 
talented investigators. 

The recent discovery of a state ^ l 

of fatty degeneration affecting the 
arteries of the brain (fig. 5), in cases laj 

of apo])lexy, by which the strength ^ “A 

of their coats bc'cornes deteriorated 

and their elasticity entirely destroyed, ^ 

iTiT - Snifill urtrry fnmi the hrniii with 

would lead to tlie intcrenpc that TiuincnHis oil globules di'posi1.(‘(l in 

^ -I its coals. Tlic (lark musses arc 

tins disease is depentlent rather a<rj;rc'ratioiiH«)rimnutt!oiif'iobui(;s, 

I . -i , mi'' /•granular or CMUisit ion c»)r|)U.''Cuh“i, 

upon complicated changes anecting inllammurion i^Hobulcs). These an; 

. . , , aomc*tiiin*.H so numerous that they 

nutrition, than upon the presence ot evtmui tor a ciiKtauce entirely 

. /» 1 1 1 • round the ve^^sel, mucli frreuter 

a condition oi plethora or hyperiemia, than its own diameter, x 2ir,. 
as was formerly suppostul and actc'd upon. 

The conncctioii in (jnany cases, though certainly not in all, 
between fatty degeneration of the margin of the cornea 
(arcus senilis) and corresponding changes taking place in the 
muscular tissue of the heart (fig. 6), in the cerebral vessels^ 
and in many other textures of the body — as the investiga- 


SiUfill urtcry fnmi the hrniii with 
Tiumcrous oil globules dcposi1.(‘d in 
its coats. Tlic dark musses arc 
a<rj;rc'rationH «)r mmutt! oil f^iobulcs, 
/•granular or exudation corpn.''Culc‘i, 
inflammutirni globules). 'I'bcsc an; 
aomc*tiim*.H so numerous that they 
cxtiuid tor a distaticc; entirely 
round the ve^^sel, much frreuter 
than its own diameter, x 21;"). 
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Fig. 6, 


tions of Mr. Canton prove — must be regarded with great 
interest by every practitioner. 

Tumors and Morbid Growths. — The microscope has fre- 
quently atforded important aid in the diagnosis of tumors, 
although after careful microscopical ex- 
amination we have in certain cases not 
felt justified in assigning a partieular 
name to the morbid growth in question. 
This has even been brought forward by 
some, as an argument against its employ- 
ment altogether. 

It is in many cases quite impossible 
from a microscopical examination alone to 
pronounce decidedly as to the malignant 
or non-malignant nature of a particular 
tunor. On the other hand, not unfre- 
qucntly this question has been positively and correctly an- 
swered in the affirmative or negative. It would surely not 
be right altogether to discard the use of an instrument 
which, although eminently useful in many instances, is not 
infallible. 

For the discovery of Imposition, the microscope is in- 
valuable. It almost necessarily follows that, in consequence 



Muscular fibre in a state 
of fatty degeneration. 


Fig 7. 


Fig. 8. 


Fig. 9. 





Globules of potato starch, 
X 215. 




Oil globules from milk, 
X 215. 



Fatty matter in a state of 
very minute division with 
co^uscules, from chylous 
urine, x 215. 


of the frequency with which urine and other matters are 
•subjected to minute investigation, patients sometimes resort 
to certain expedients to deceive the practitioner. Perhaps 
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flour, starch (fig. 7), sand, and milk arc more frequently 
employed for this purjiose than any other suhstances. The 
microscope will obviously enable any one who is familiar 
with their characters to detect the first three. If milk be 
added to urine, the mixture may very readily be mistaken for 
a specimen of the so-called chylous urine. Although a con- 
siderable quantity of fatty matter is present in both cases, this 
fatty matter exists in very different states. In milk, we find 
the oil globules (fig. 8), characteristic of this fluid, while, in 
true chylous urine not a single oil <;lobide can be found, 
although the specimen may contain a large quantity of fatty 
matter in a molecular state (fig. 9).* 

Larva: of the Blow -fly in Urine . — A specimen of urine 
e(intaining several bodies of about half an inch in lengtlj, 
and of a rounded form, was once %ent to Dr. Todd for exa- 
mination. The bodies in question looked not unlike the 
larvic of some large fly, Imt, as it was confidently affiruicd 
that tlicy were passed from 
the urethra of a gentleman, 

► the accuracy of this view was 
doubtful. Upon placing a por- 
tion of one of them under the 
microscope, irachea* (the air- 
vessels characteristic of the 
class of insects) were observed 
in considerable number. This 
circumstance alone of coursu 
enabled me to assert positively that they were not entozoa, 
and that they could not have been passed in the manner 
stated. They were afterwards proved to be the larvae of a fly. 

Fungus Disease of the Bladder . — I have on two or three 
occasions been able to diagnose the existence of malignant 
disease of the bladder,*jn consequence of finding small por- 
tions of the morbid growth in the urine, which have been 
detached accidentally or brought away in the catheter. My 


Fi-. ](). 



BraiichiJH of tiMcliffi- from Inrva of u 
fly, found in urint', x 


* ** ArcJiives of Medicine/' Nn. I. 
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friend and colleague, Professor Eergusson, once asked me to 
examine some small pieces of what appeared to be clotted 
blood, which had been passed in the urine of a patient under 
his care. On submitting one or two fragments to examina- 
tion, I found they were covered with a tolerably thick layer 
of epithelium, beneath which I thought I could discern 
a loop of capillary vessels. Upon treating the fragment 
with ar little solution of soda, the epithelial cells and the 
outline of the capillary vessel with blood corpuscles in its 
interior, became very distinct. From these characters one 
was able to say that, from the internal surface of the bladder 
a ragged fungus growth projected. From this, serious 
Inemorrhage took place, and it was probable that the powers 
of the patient would soon he exhausted. Every one is 
familiar with the terrible I'laturc of this class of diseases, and 
with the general characters which such morbid growths 
usually present. Many of them, ufter having commenced to 
grow, increase in size very rapidly, giving rise to the greatest 
suflering, and lead to a fatal termination within a few months. 
The diagnosis is often difficult, and the nature of the case • 
for some time obscure. Any fragments or small clots which 
should be passed or withdrawn in the eye of the catheter, 
ought to be submitted to careful microscopical examination. 
Sometimes, in this way, we arc able to decide upon the real 
nature of the case at a much earlier period of the disease 
than would be possible if the general symptoms were alone 

taken into consideration. 

' ^ 

The claivs of echinococci and portions of hydatid cysts 


Fig. 11. Fig. 12. 



Echinococci. From Claws of Ecliinococci. 

the human subject, 
luagnihed 42 dianieters. 

have on several occasions been discovered in vomit, sputum. 
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&c., upon submitting them to microscopical examination, 
proving beyond a doubt the existence of hydatids. 

Substances passed by the Bowels. — If the practitioner have 
a good knowledge of the use of the microscope, he can often 
ascertain the nature of substances passed from the alimentaiy 
canal ; and, by the aid of this instrument he is enabled at 
once to decide upon the nature and origin of substances, 
which, to the unaided eye, only present most doubtful 
characters. Considerable perplexity has arisen from the pre- 
sence of bodies in the stools of patients, .which afterwards 
proved to be portions of almonds, gooseberry skins, pieces of 
potato, the testa of the tamarind, husks of wheat, &c. Not 
many years ago the uredo of wheat was mistaken for, and 
described as, a peculiar fungus, to whicli it was supposed the 
phenomena observed in cases of elmlera were due. 

The yellow fibrous tissue of vessels which, unlike the 
other constituents of the food, have resisted the process of 
digestion, have been met with in the fieecs, and mistaken for 
small intestinal w'orms, wdiich they sometimes resemble when 
examined by the unaided eye. Upon being subjected to 
microscopical examination their true nature can always be 
discovered. 

In Medico-legal InguiHes the microscope has often afforded 
important aid. The distinction between blood spots and red 
stains })roduccd by fluids resembling blood in colour, — between 
human hair and that of animals, — and the detection of sper- 
matozoa in cases of rape, ncq4 only adduced as examples 
of the importance of the microseo])c in such investigations.* 

For detecting Impurities in Food and Drugs the micro- 
scope has afforded important aid, and in chemical inquiries 
generally it is of the greatest use. 

*. Arrangement of the huhject. — The different mechanical 
operations, the impoiftance of examining various tissues, 
de])Osits from fluids, &c., the behaviour of these under the 
influence of chemical reagents, and other practical iioints 

* “ Illustrations of Urine, Urinary Deposits, and Calculi,” page ds". 
“ Archives of Medicine,” Nos. I. and 11. 
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bearing upon microscopical examination, will be especially 
dwelt upon in the following pages. 

A general description of the instrument, and the various 
pieces of accessory apparatus, with directions for their em- 
ployment, naturally forms the introduction to a work on 
the use of the microscope ; but as this part of the subject is 
briefly discussed in a work recently published,* it will not be 
repeated here. For a description of all the beautiful instru- 
ments which have lately been invented I must refer the 
reader to the works enumerated in the note.f 

The first part of the work will comprehend the considera- 
tion of the difierent practical operations which are of special 
importance to medical practitioners engaged in microscopical 
enquiries. This will include reference to the apparatus 
required, a description of the general plan of examining a 
specimen, the methods of drawing and measuring objects, of 
making minute dissections, the mode of injecting tissues, the 
examination of deposits from fluids, and the chemical exami- 
nation of the solids and fluids with the help of the micro- 
scope. 

The second part will comprise the various methods 
employed for the demonstration of tissues in a healthy and 
diseased state, morbid growths, the fluids and secretions of 
the body, animal and vegetable parasites, &c. 

* “ How to Work with the Microscojxj.*’ 

t Quckett on Tlie Microscope “ The Microscope and its Kevelations,” 
by Dr. Carpenter ; The Microscope, its TJistory, Construction, and Teachings/^ 
by Mr. Jabez Hogg; Hannover on ‘'The Microscope;"^ Lardncr on “The 
Microscope;"" “Microscopical Journal."" Those who read Dutch will find an 
excellent resume of all the recent improveroemts in the microscope and accessory 
apparatus in the work of Professor llarting, just published, “De Nieuwste 
Verbeteringen van bet Mikroskoop en zijn Gebruik sedert,"" 1858. 
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PAKT 1. 

THE APPARATUS NECESSARY FOR THE EXAMINATION OP 
OBJECTS OF INTEREST IN A CLINICAL POINT OF 
VIEW, OF THE PRACTICAL OPERATIONS REQUIRED FOR 
DEMONSTRATING OBJECTS, AND OF RECORDING THE 
APPEARANCES OBSERVED. 


CHAPTEE I. 

Of the Apparatus necessary for Microscopical Examination. 
— Method of submitting a portion of Tissue or other 
Object to Microscopical Examination. — Of the Medium in 
which Objects should be Examined. — Great caution neces- 
sary in drawing inferences from Microscopical Appear- 
ances. — Of Drawing Objects. — Camera Lucida. — Steel 
Disc. — Glass Reflector. — Of Drawing Objects which it is 
intended should be Engraved. — Of making Lithographs . — 
Of ascertaining the Magnifying Power of Object Glasses. 
— Of Measuring the Diameter of an Object. — Standards 
of Measurement . — Of reducing Foreign Measurements 
to the English Inch. 

In a practical work like the present it seems desirable, in 
the first place, to allude briefly to the kind of instrument and 
apparatus which the student will require to pursue clinical 
investigations. Under^this head I propose only to include 
what is necessary ; much which would be advantageous in 
special investigations is therefore omitted. It is unnecessary 
here to describe minutely the characters of the different , 
pieces of apparatus, but their most important uses may be 
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gathered from the figures, and from the short explanation 
appended to each.* 


Microscope and Accessory Apparatus. 

3. ivficroscope. — With large stage, firm tripod stand, coarse 
and fine adjustments, double mirror, and arrangement for 
inclining body; generally termed the StudeMVs Microscope^ 
nliicirwith two powers and buirs-cy(^ condenser costs from 
five to ten guineas. t The general form of student^s micro- 
sec^jies is shown in figs. 13, 14. 

4. Objcct.^iasscH. — 1. The inch, magnifying frojfi 30 to 40 
diameters, tlie glasses of wdiich can be removed one by one, 
so that lower j)owers can be obtained. 2. The quarter of an 
inch, magnifyiiig alxnit 200 diameters. These glasses should 
define well, the field should be jierfecthj flat and free from 
coloured frinyes, and they should admit a sufficient amount 
of liglit. 

5. The niaiiiirasiti Plate. — Which should fit on beneath 
tlic stage, fig. 18. 

o. The isiiii\s.eyc Condenser. — A convenient form, is repre- 
sented in fig. 10. It can be easily unscrewed and made to 
pack in a very small space. Fig. 17, reprc'sents a smallcw one 
which is fitted into the stage of the studcuit^s microscope. 
The instrument is required for condensing the light on the 
object in the examination of opaque preparations, and for 
dissecting under the influence of a strong light. 

Achromaiie condcii>irr. — ^Finploycd ill the examination 
of objects by transmitted light. A simple plan of mounting as 
recommended by Professor Qnekett, is represented in fig. 15. 

8, Lamps for Artlftclal llliimlnatloii. — A small French 
moderator forms an excellent lamp for microscopical work. 

* Thc‘ instruments rcMiuireil in various brandies of microscoiiical investiga- 
tion, are described in “ Ilow to Work with the jVlieroscope.’^ 

t Students’ microscopes are now made by almost all microscope makers. 
Powell and I^caland, b’oss, and Smith and Ilec'k, are tlie best instrument 
makers, but the cheap instruments of Mr. lauld, Mr. Matthews, Mr. Pillischer, 
and Mr. Salmon arc worthy of special attention. To Mr. Salmon the credit 
of being one of the first to make a well-arranged cheap microscope is due. 
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The German lamps lately introduced by Mr. Pillisclicr give 
an excellent light and can be easily arranged at any desired 
height. To mieroscopists provided with gas, I strongly 
recommend the^Argand gas lamp designed by Mr. llighley, 
fig. 19, but the purest artificial light is obtained from the 
camphirii lamp of Messrs. Smith and Beck, fig. 20. All 
artificial lights are inferior to daylight, and every observer 
who can restrict himself to working by day should do so. 

ArrAiiATUs for Drawing and Measuring Oi^jects, and for 

ASCERTAINING TUE MAGNIFYING PoWER OF OBJECT GRASSES. 

9. Tint GlaNN Reflector, fig. 21. — This fits on the 
eye-piece, the microscope being arranged horizontally, as in 
fig. 82. 

10. Common Hard Pencils, steei peus^ Indian inky fine 
Bristol hoard, 

11. sitaere nilcrometcrs divided into \{){)ths and 1000#/f.9 of 
an inch. These are represented magnified by diflerent 
powers, in figs. 22, 23.^ 

Instruments and Apparatus for general purposes. 

12. Wire Retort Mtand for supporting watch-glasses, &c., 
figs. 24, 25. 

13. Tripod Wire Stands, figs. 2G, 28. 

14. Spirit Lamp, fig. 25. 

15. Kvaporatiniir Basins. 

IB. Watcli«Klas.seN. 

12. Thin Glass, cut in squares and circles. 

18. Plate Glass and Common Glass aildes, all three inehes 
by one inch. No other sizes should be used. 

Foe making Dissections, and for Cutting Tuin Sections of Soft 

AND Hard Tissues. 

19. Common Scalpela. 

20. Double-edpred Scalpel, fig. 30. 

21 . Scissars, ordinary form, and a small pair with curved 
blades, figs. 32, 33. 

22. Needles, mounted in handles, for dissecting, fig. 31. 
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The handles of crochet needles are convenient for holding 
the needles, some of which may he flattened near the points, 
so as to serve for delicate knives. 

23. ForcepH. — One pair of ordinary dissecting forceps, 
and one pair with curved blades, fig. 29. 

24. Class Dishes, of various sizes, from an incl» to two 
inches in depth, for dissecting under water, fig. 39. 

2B# Loaded Corks, fig. 40. 

26. Fine Pins. 

21. Saw, with fine teeth, for cutting thin sections of bone 
and other hard tissues, fig. 35. 

28. Hones, for grinding sections of bone thiniO, and for 
polishing them. 

20. strongr Knife for cutting thin sections of bone, &c. 

Cements, Presebtativb ELTriBS, ani> ArpAEATtrs eob Mounting Objects 
IN Aib, Aqueous FiiUros, and Badsam. 

30. Brunswick Black, containing a few drops of a solution 
of India-rubber in coal naphtha. 

31. Spirits and Water. 

32. Glycerine. 

S3. Gelatine and Glycerine. 

34. Solution of Naphtha and Creosote. 

SB. Chromic Acid. 

36. Turpentine. 

31. Canada Balsam. 

38. CeUs of Tarlous sizes, figs. 41 — 54. 

SO. Small Glass Shades, to protect recently mounted pre- 
parations from dust, fig. 36. ' , 

Fob the bepabation op Deposits peom Feuids. 

40. Conical Glasses, figs. 65, 68. 

41. Pipettes, figs. 66, 67. 

42. Wash-hottle, fig. 64. 

43. Animalcule Case, fig. 53. 

Fob making Injections. 

44. iiuectins syrinse, holding from half an ounce to an 
ounce, fig. 60. 
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45. Pipes of various sizes^ figs. 55, 56. 

46. Corks for stopping the pipes, fig. 63. 

41. Needle for passing the thread round the vessel, fig. 61. 

48. Buii’s-nose Forceps, for stopping vessels which have 
been divided, fig. 58. 

40. For maklnpT Blue Ipfectlon. — FdlTTOCyuTiide of potcis~- 
sium, Muriated tincture of ironJ^ Glycerine and spirits 
of wine for preparing the Prussian blue injecting fluid 
(page 67). 

Chemical Analysis in Mickoscopical Investigation. 

50. pftLtlnum Foil. 

51. Test Tukes and Rack, fig. 71* 

52. Small Tubes, about an inch or an inch and a half in 
length. 

53. atlrrlna Rods. 

54. BvaporatliiF Basins. 

55. Watch -glasses. 

50. Small Olass Bottles with Capillary orifices, figs. 69, 70. 

61. Wire TrIangles,«tripods, figs. 26, 28. 

58. Small Retort Stand, fig. 24. 

50. Small Platinum Capsule. 

GO. Small Flasks. 

61. Platinum Wire. 


Reagents. 

62. Bther. 

63. Nitric Acid. 

64. Acetic Acid. 

65. Ammonia. 

66. Solution of Potash. 

61. Solution of Soda. 

68. Nitrate of Silver. 

60. Nitrate of Barytes. 

10. Oxalate of Ammonia. 

11. Iodine Solutions. 

12. Test Papers. 


*** The instruments and apparatus above enumerated, may be obtained 
of Mr. Matthews, Portugal Street, Lincoln’s Inn. They are also iurnished 
by most instrument makers. 
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Lamps. Instruments for Measurinq Objects, &c. 



Mr. Gua Lump lor ilic Micioacopc. Camphiiic Lamp of Mi aars. Smith uiul Re*^k. 



Neutral tint Glaai 
Kcllcclor. 


lOOCtha iiiul lOOtJis of an Englipli iiirh mu^niflud 
in vanoua (lc|;rt:c8. The aiiiaUcat (liviaioiis indicate 
l(i,(H)0th8 and 10(X>th8 of an inch. 


■50V0 To'oTr 

Stage Micrometer, 
divided to t)iou' 
gnndB of an inch. 
Magnified 21 B 

times. 


c 2 
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Ikstbttments fob 

Fig. 34. 





Small Wire* Retort 
Stand, to siijijKirt Avatch- 
glasses, &e. 


GENERAii Purposes. 

Pig 25. 



ezr:^ f 



Spirit Lani]!, to wliiHi a 
wire stand is altacluid tor 
supporting watcli - glassi’s, 
•fee. This can lie removed. 


rig. 26. 


Pig. 


r 


Pig. 28. 



'J'ripod Wire Stand 
tor supporting olijeets. 


Vl.'ite (JlasH Stage for placing the 
glass slide upon, \i lien aeids or eor- 
rosive liijnids are examined. 


Poi eelain Hasins on 
tnjiod wire .stand. 


Fig. 29. 
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Cements. Dissecting undeb Wateb, &c. 


Fig. 87. 



Tin Pot for holding Canada 
balsam. Tills can be warmed if 
desired. 


Fig. 38. 


Glasi* Hot tic for rontaining 
ditl'crent cements. 



Fig. 39. 



Arraugeiiieut for dissecting objects under water. The buli*8-eye condenser is 
larger than those represeifled in figs. 16 and 17. 


Fig. 40. 



Loaded Cork for pinning objects upon for the purpose 
of dissection. 
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Cells for Examining and Pkeserving Microscopical Specimens. 


I'lK- il* IlR. 42. 



Small Cells fur preserving injections and oilier opaque prepare lion h. 


Pig. 43. 



Larger Cells for preserving opaque preparations. 


Fig. 44. 




Cell, made by cutting r piece out 
of the centre of a ]>ortioti of plate 
glass. The corners are marked so 
that the corresiioiidiiig strips may 
be made to fit accurately, when 
cenu'iited with luanne glue to the 
glass slide. 



Thinner Glass Cells, made by grinding out the centre from a piece of plate glass. 
All these cells are fixed to strips of plate glass by niuritie glue. 


Fig. 47. 



Brass Plate, heated by Spirit Lamp, for warming slides when it is required to cement 
to iheni one of the above cells with the aid of marine glue. This is also required in 
uiouiitmg objects in Canada balsam. 
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Cells fob Examihino and Pbesbbting Miceoscopical Specimens 


Glass Cell, made % bendiii" ii strip of glass iii the 
blowpipe llaine. 



j I Tliin glass Cell, 

lil L examining de- 

... \ posits from fluids, 

j mouiitinir nrena- 

^ 

/ rations in fluid, 

IULIaUiL -n.. -al!: 

Built Glass Cell. 

-- ' <KC. 


Glass Cell, obtained by grinding a concavity on tlic 
surface of a piece of thick plate glass. 


‘Animalcule Cape* (made by Messrs. 
Powell and Lealand), lor examining 
deposits from fluids- 


TTiis drawing shows the manner in which the thin glass, after having been breathed 
upon, IB allowed to fall upon the surface of a preparation immersed in fluid. 
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ArrAKATUS FOB Injecting. 


Fig. 55. J ig. 5fi, 



Stopcock imd Injecting 
l*ij)c, wliicli fit on to tlie 
Syringe, fig. fiO. 


Fig. 57. 



Performing the Operation of Injecting. 


Fig. 68. 



lJulFa - nose 
Forceps for 
stopping ves- 
**cla from 
which injec- 
tion is cs- 
ctiping. 



Inject lift Can for heating size. It is also nsed ns a water 
hath, lV)r drying objects, or for conducting evaporation, when 
the cans arc removed. 


F’ig. 60. 



Small Syringe used for injeeting. 
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Kip. 61. 



Nctcdh: for pussiiip ihrisid round u vessel whirh is tu lie tied upon the pipe 


Kip. 62. 



Section of 
piston of in- 
jectinp sy- 
ringe, show- 
ing the man- 
ner in which 
the leather 
is applied. 


Kig. 6S. 



Corks for stopping 
pipes wiien t he s\ nope 
not provided with a 
Btoncock is retilled 
with injection. 


Apparatus for Collecting Deposits, Testing, &c. 


Kig. 64. 


Fig. cn. 


Kig. 66. Kig. 67. 



Wash - bottle for washing 
preparations, a stream of water 
18 projected from the orifice 
of the pijie, when air is blown 
into the upper tube. 



Conical Glass, for allowing deposits from fluids 
to subside. The drawing shows the manner in 
w'hicli a portion of the deposit is iu be removed 
with the pipette. 


t 






Pipettes for 
removing de- 
posits from 
fluids. 




Test I'uljCB, liack, uud Drainer. Retort Stand, Funnel, and Glass, 

arranged for filtering. 


Of Examining Objects. 

Although it is not ■viathin the limits of the present work 
to dcserihe fully the anatomy of healthy and morbid tissues,- 
I shall attempt to give a short aecount of the healthy and 
morbid appearanee of those textures which most frequently 
engage the attention of the physician ; and shall, as far as 
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possible, enter fully into the various methods at our disposal 
for demonstrating the anatomy of healthy and diseased 
structures. Where any partieular method of investigation 
is required to demonstrate the minute anatomy of a tissue, 
it will be my endeavour to give an illustration of it. The 
student will, I hope, by reference to standard works, be 
enabled without much difficulty to fill up for himself those 
deficiencies which limited space will not permit me to supply. 

93. Method of suhmlttlngr a portion of Tissue, or other 
Object, to Mlcroseopieal Examination. — Objects may be ex- 
amined by transmitted and by reflected light. By the 
former we learn the nature of the texture and internal 
arrangement of tissues, while by the latter mode of examina- 
tion, we can only recognize peculiarities of the surface. 


Fig. T-'i. Fig. 74. 



These figures show tlie different nppearaiirc of an object wlicn viewed by reflected 
and trsinsmitted Jiglit. Crystals of oxalate of lime, fig. 73 by reflected, and fig. 74 by 
transmitted light. 

For examination by transmitted light, an object must be 
sufficiently thin and transparent to permit light to pass 
through it, while thickness and opacity present no impedi- 
ments to examining its surface by throwing the light down 
upon it (reflected light). Figs. 79 and 80 show the mode 
of arrangement of the instrument and light for the two 
methods of examination; but for further information, the 
reader is referred to “How to Work with the Microscope.” In 
order to subject a portion of tissue or any substance to exam- 
ination by transmitted light, one usually proceeds as follows : 
— A glass slide is carefully cleaned, and the thin section 
of tissue which has been removed by the aid of forceps and 
scissars, or a scalpel, placed in the centre ; a drop of clean 
water, serum, glycerine, or other solution, is then added. 
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and the whole covered with a clean square of thin glass. 
If the under surface of the thin glass he gently breathed 
upon, it becomes wetted more easily. The substanfc may 
be teased out with needles, pressed, or unravelled if neces- 
sary, before covering it with the thin glass. If the substance 
be covered with much soft pulpy matter, or debris pro- 
duced in the process of cutting the section, it may be slightly 
washed in water before being placed upon the slide, or* a jet 
of water from the wash-bottle may be forced upon it. Thin 
sections will require to be laid flat upon tlie slide, with the 
assistance of needles and forceps. 

94. Of the Media lit which Objects should he Examined. — 
With rcferciiec to the medium in which any particular 
object is to be examined, but few rules can be laid down. 
Many structures may be examined fti water, but it shoidd be 
borne in mind that this fluid often alters the character of the 
tissue very much. Generally, tissues should be submitted to 
examination in a medium which closely resembles that ivliich 
surrounds them during .life. Thus, albumen and water form 
a very useful fluid for examining many structures. In a 
fluid of this kind, made to resemble as closely as possible in 
density and in chemical composition, the fluid which bathes 
the tissues during life, we may conclude that the appearances 



These fi';:urcB bIiow the difrereiit n|ipcaraucc of the same ohjeel. viewed by reflected and 
tran-smitted light, and in different media. 

Carbonate of lime from horses’ urine; fig. 7*“», as seen by rcfleelcd light; fig. 7fi, by trans- 
niitted light in air; fig. 77, in water; fig. 7H m Canada balsam.’ 

• 

observed are natural, and not produced artificially. There 
are, however, many cases in which it is desirable to examine 
a tissue in a medium of much greater density than that 
with which it is ordinarily surrounded. There are man^ 
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highly refracting structures which require immersion in a 
highly refracting medium before their arrangement can be 
made out. When a section of a tissue appears thick and 
opaque in water, immersion in such a medium often renders 
it perfectly clear and transparent. White fibrous tissue, 
although so opaque, even in very thin layers, as to prevent 
structures embedded in it from being visible, may be made 


Pitt. 79. 



Arruuguiivunt for examiniug objcclB by iiclleciud Light. 


perfectly clear and transj)arcut by being immersed in syrup 
or in glycerine. Of these fluids, glycerine is the most con- 
venient, and can be easily diluted to any required strength. 
When employed dilute, it is well to place a piece of camphor 
in the bottle in which it is kept, which prevents it from 
becoming mouldy. In the investigation of morbid growths, 
great advantage will be gained by the use of glycerine, but 
when fibrous tissue is present, its characters must be made 
out in water, or in a fluid of very moderate density ; and in 
o^Sserving the appearances of a structure in glycerine, allow- 
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aiicc must always be made for this great transparency of the 
fibrous tissue. The composition and method of using dif- 

PiK. «0. 



Arrangement for examining objects by Transmitted Light. 


ferent preservative solutions, are fully discussed in " How to 
Work with the Microscope,^' and, therefore, need not be 
again referred to here in detail** 

IB. Of maklne and recording OOservatlons, and of drawing 
Inferences from Microscopical Appearances. — The difficulty of 
making out the structure of many organs and tissues is great, 
and very considerable practical experience is required to 
demonstrate distinctly the anatomical characters of a healthy 
texture. These difficulties are much increased in the exam- 
ination of morbid growths. When chemical reagents are 
ap[)lied, the effects must be very carefully observed, other- 
wise there is danger of mistaking the change of charaetm 
produced by the application of the reagent, for a morbid 
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alteration. Even the addition of a drop of •water often 
materially alters the microscopical characters of a tissue. It 
is only by very frequent and careful examination of morbid 
growths, that the observer can hope to recognize and inter- 
pret their characteristic appearances, and it should only be 
with the utmost caution, and after long familiarity with 
microscopical examination generally, that he should attempt 
to pronounce an opinion with reference to the nature of a 
morbid growth. Without extensive observation and great 
care, he will run the risk of bringing discredit not only upon 
himself as an observer, but also upon microscopical inves- 
tigation generally. The opinion is much too common that a 
good instrument and the necessary apparatus are alone 
required to make a microscopical observer, and it is well that 
every one should guard himself in the outset against so fatal 
a mistake. Every one must educate his eye for himself, and 
although he will undoubtedly ucceivc some assistance from 
the teaching of others, from books and faithful drawings, he 
must not depend upon these alonc,^ but must trust to his 
own energy and perseverance. No one who docs not at once 
make up his mind to give up a good deal of time to the 
pursuit, can ever become an observer, or avoid drawing most 
erroneous conclusions; and those who cannot, or are unwilling 
to make such a sacrifice, had better not take up the subject at 
all. A good knowledge of drawing, of the stethoscope, of the 
ophthalmoscope and indeed of any other investigation acces- 
sory to medical research, requires far more devotion than is 
implied in the mere sacrifice of the money which is necessary 
lor the purchase of books and instruments. So it is with 
the microscope; and he who has the largest means at his 
disposal for obtaining the most costly instrument made, and 
all the books published on the subject, with the advantage 
of the best tuition, is hardly so likely to become a useful, 
earnest labourer in this field of inquiry, as the student who 
spends his five pounds in a simple instrument, without any 
unnecessary luxurious arrangements — with a conviction that 
study is real, and worthy of attention, and with a deter- 
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mination. to set to work honestly and zealously with the hoiic 
of being one day able to add his work to that of men who 
have worked before him, whose lives and labours he respects 
and honours. 

Every observation should be carefully recorded in a note- 
book at the time it is made, and drawings made if necessary. 
It is very important that when descriptions of appearances 
are added, the language used should be as simple as possible, 
and the use of technical terms, unless the meaning has been 
very accurately defined, should be avoided. ^ 

The student is recommended to •examine very fre- 
quently the structure of the kidney and liver in man and many 
of the lower animals, because these organs are very often the 
siilijects of investigation in cases of disease; the changes in 
structure which they undergo havjng received a large share 
of attention. 

Of Ukawino, KNOKAViNa, and Measuking Objects. 

<30. Of Drawing Objects. — It may almost be said that all 
progress in our knowledge of minute structure, both in 
healthy and diseased tissues, dcj)cnds upon the drawings 
wdiich ai’c made. It is almost hopeless for an observer to 
attcmjjt to describe what he sees in words, and such descrip- 
tions, hoAvever careful they may be, cannot possibly be com- 
pared with those of others. On the other hand, a truthful 
drawing of what a man has seen lately, may be compared 
with others which may be «hade a hundred years hence, 
although the means of observation will be far more perfect 
than they are at present. Much will be learned by such 
comparisons. I am sure that an honest inquirer cannot be 
of greater use in his time than by making good drawings 
of what he has seen ; — they will be of far greater help to 
our successors, than any amount of description we can write 
for them, and wc may feel sure they wdll look at our draw- 
ings if they are honest copies of nature, while we all know 
that comparatively very little of what wc write will be rq§d 

D 
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when the whole aspect of this department of science shall 
be changed. 

Although the method of drawing objects has been already 
discussed in the work above alluded to, it is so important 
that I consider it necessary to repeat it here. 

In delineating an object magnified by the microscope, it 
is important to copy it correctly, both as regards the relative 
position of the several structures to each other, and also 
with respect to size. To copy the size exactly will be found 
extremely difficult by the eye alone, but there are several 
ways of proceedini* by which accuracy may be ensured. 
Some of these I shall now briefly describe. The simplest 
method is to place the paper uppn the same level as the stage 
upon which the object is situated. If we now look steadily 
at the object with one eye, while the other is employed to 
govern the movements of the pencil, the object will appear 
to be thrown as it were upon the paper, and its outline 
may be very readily traced. By a little practice, the rela- 
tive size of objects may be insured in this manner, but it 
is troublesome and difficult to keep both the object and 
paper perfectly still. The principle of the camera lucida has 
been applied to taking microscopical drawings, and has been 
Fig. 81. found to succeed admirably. The 



Strrl Disc placed nt nn 
of 45°, to nt on to the eye- 
piece of the microscope. 


object appears to be thrown down upon 
the paper, and with a little practice the 
observer may trace the lines with great 
accuracy. If a little steel disc, fig. 81, 
be placed at an angle of 45° with the 
eye-glass, it will receive the magnified 
image of the object and reflect it 
upwards upon the retina of the ob- 
server, The disc is smaller than the 


aperture of the pupil, and the pencil can at the same time 
be seen very well as it traces the image apparently thrown 
down upon the paper beneath. 

71. Neutral Tint Cilass Reflector. — The simplest and 
chpapest reflector for microscopical drawing, consists of a 
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small piece of plate-glass slightly coloured, in order to 
improve its reflecting power, but still not so dark as to pre- 
vent an object being seen through it perfectly. This is also 
arranged at an angle of 45° with the eye-glass, and the 
draughtsman can very easily follow his pencil upon the paper. 

In order to use these instruments, the microscope is 
arranged horizontally, and the paper placed on the table, 
fig. 82. 

It is important, however, in using these instruments, to 
arrange the light carefully. The image should not be illu- 
minated too intensely, and the paper upon which the draw- 
ing is made should not be too much in the shade, or the 
point of the pencil will not be seen distinctly. Experiment 
can alone decide the relative intensity of the light upon the 
object and upon the paper, but with a little practice the 
proper amount of illumination will be discovered. The 
distance between the reflector and the paper should be pre- 


Fig. 82. 



cisely the same as from the object to the eye-piece, for 
otherwise the size of the object delineated will be altered. 

In fig. 82, the microscope is arranged for copying an 
object in the maimer just described. The object appears to be 

n 2 
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thrown upon, the paper, and its outline is very readily traced. 
If it is to be drawn smaller, it is only necessary to place the 
paper upon a stand closer to the reflector. If, on the other 
hand, a large diagram is required, the distance must be 
increased. By placing the diagram paper upon the floor, the 
object can be readily traced with a long pencil. In this 
manner many of my diagrams have been made. They must 
of course be accurate copies of the objects themselves, and 
arc therefore far more truthful than diagrams, copied from 
draw'ings rcprescT'ting microscopical structure, can be. If 
the distance of the diagram paper be always the same, the 
drawings so obtained may be compared with each other, and 
scales of mcasiu’ement may be appended to them by proceed- 
ing in the manner described in jiagc 44. 

98. Of makliKc Urawlpgrs which It Is Intended should he 
MnKraved. — With a little practice, the observer may acquire 
tbo ])Ower of drawing on wood, and the engraver will often 
be able to produce a more faithful representation of the 
object than he could by copying the drawings of the micro- 
scopical observer. It is, however, necessary to practise the 
plan of producing varieties of tints, by straight lines, whenever 
this can be done, as the labour of engraving is thus much 
economised. The drawing should first be made roughly on 
paper, in order to obtain the size and general characters 
of the object. A piece of retransfer paper is then placed 
upon the prepared block, and the prominent lines of the 
drawing retraced with some blunt -pointed instrument (a 
needle, the point of which has been made blunt by filing it, 
answers very w'ell). By using a slight pressure, the colour 
of the retransfer paper is transferred to the wood block in 
the lines corresponding to those of the drawing. These 
lines are afterwards reproduced by lead pencil, corrected, 
if necessary, and the delicate parts of the drawing filled in 
by carefully copying from the object. 

If the engraving is to be a fac-similc of the drawing 
with the different parts on corresponding sides, it is neces- 
sary, in the first place, to copy the picture with ordinary 
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tracing paper, and invert the tracing upon the retransfer 
paper on the wood block, as the impressions are of course 
always reversed ; or a reverse may be obtained by copying 
the image of the drawing reflected from a looking-glass. 

Tracing Paper is a very transparent paper, obtained By 
soaking tissue paper in some oily material, and allowing it to 
dry. 

Retransfer Paper consists of transfer paper, upon one 
side of which a fine red or black powder has been rubbed, 
wliich adheres to the paper pretty firmly, “but which, at the 
same time, may be made to adhere to another surface by 
firm pressure. 

Jt'ood blocks arc prepared by rubbing a little dry car- 
bonate of lead and brick dust moistened with water upon 
tlic surface, and allowing a very 'little to dry on. In this 
way a smooth white surface is obtained, admirably adapted 
for receiving the most delicate drawing. It is well to moisten 
tlie white lead with a little gum water, which makes it 
adhere firmly to the silrfacc. 

70. Of olitalniiiK LIthoKrapliM of Mteruscoplral DrawlnurH. 

— I think it desirable to give a few directions for drawing on 
stone, as I believ'e there are many observers who would 
willingly give up the necessary time required to place their 
work on the stone, who could not afford to employ a litho- 
graphic artist. 1 have jnyself made many drawings in this 
manner, and with the help of a boy who could at first draw 
but little, have been able to • publish numerous drawings, 
w hich arc very accurate copies of the objects, although in 
execution will not bear comparison with artists^ work.* 

Drawing on Transfer Paper. — If the drawing docs not 
contain much very minute work, it may be drawn on properly 
prepared transfer paper with lead pencil, direct from the 
microscope (page 35). Afterwards, the lines arc to be traced 
witli a pen with lithographic ink; the shading may be effected 
by delicate lines made with the pen, or with lithographic 

• “ lllustnitions of Urine, Urinary Deposits, and Calculi.” The “Archives 
of Medicino,” 
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chalk. The latter plan, however, is not well adapted for 
making transfer drawings. Tlie drawing is then to be sent 
to the lithographic printer, where it is damped, placed down- 
wards on a dry stone, and after being subjected to firm 
pressure, the paper may be peeled off, leaving the prepara- 
tion, with the drawing, on the stone. The latter is removed 
with water, the drawing properly set, and then the printing 
ink applied with the roller. 

Drawing on ilie Stone . — There are two plans for drawing 
on the stone itself, which produce better results than the 
preceding method, but they require more practice for their 
performance. When much shading is required, and extreme 
delicacy of outline is unnecessary, the outline is first made 
on paper, and the drawing retraced on the stone in the 
manner designated in page 36; the outline may then be traced 
with ink, a pen, or very fine sable hair brush, being used for 
the purpose ; the shading is to be given with chalk. The 
chalk is to be very finely pointed by cutting downwards, the 
point being uppermost (as in pointing an ordinary chalk 
crayon), and held in a handle made out of a common quill. 
The lines are to be made very gently, repeating the strokes 
frequently with a light hand, when depth of colour is 
required, rather than by leaning heavily so as to remove a 
considerable quantity of chalk at once, and deposit it upon 
the stone. When chalk shading is employed, a finely grained 
stone is required. 

Of Engraving on Stone . — If the work is very delicate, as 
is the case with most subjects the microscopical observer 
wishes to obtain representations of, engraving on stone will 
give the most satisfactory results. The process is very simple, 
but requires considerable practice in executing it. The stone 
must be finely polished, and it is well to have it tinted with 
a little infusion of logwood, or to cover it with a thin layer 
of lamp black, which enables the draughtsman to see his 
strokes better. The outline of the drawing is traced as before, 
Rud then the lines scratched upon the stone with a very fine 
point. A needle point, previously hardened by being heated 
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red hot and suddenly dipped in cold water, inserted into a 
strong handle, or a diamond point, may he used, I generally 
use an etching needle ; the point requires to be sharpened 
from time to time upon a hone. The dark parts arc shaded 
by lines placed very close together, or cross shading may be 
adopted, or the tint may be given by dots, as in copper-plate 
engravings. Generally it is better to try to obtain the 
appearance of texture by copying, as nearly as possible, the 
character of the shading of the object itself. The thickness 
of the line in the print will depend upon the width of the 
line, without reference to the depth to which it extends into 
the stone. It is desirable to make two or three narrow lines 
near to each other, instead of one wide one, when a thick line 
is required. After all the lines have been scratched, the stone 
is sent to the lithographic printer, who will obtain impres- 
sions from it. The oily m^xterial only adheres to the rough 
scratches, and subsequently when the stone is wetted, the 
ink only attaches itself to the oily parts. Plate I. and II. 
arc examples of engraving on stone. 

Transfer Paper is prepared for the purpose, that which 
was made of India paper, I found answered exceedingly 
well.* 

Lithographic Ink . — The ink may be obtained in the fluid 
state, but it is better to use the solid ink, a little of which is 
rubbed up wuth water when required, f 

Lithographic chalk may be obtained of different degrees 
of hardness,- — it can always be made much harder by melt- 
ing it and rolling it into sticks. 

The stones are sold by the pound. It is desirable to 
obtain stones large enough to hold four octavo pages of 

* To be obtained of Messrs. Harrison and Sons, St. Martin's Lanc^ 
t The apparatus, ink, chalk, &c. alluded to, can Ikj obtaine<l of Messrs. 
IVaterlow, Messrs. Hughes and Kiinlier, Red Lion Court, Fleet Street, and 
most lithographers. It is only due tf) Messrs. Harrison, of St. Martin's Lane, 
that I should thank them for the kindness they have always displayed in assist* 
ing me in carrying out this and many other plans of producing drawiiigs. 
Without the important help they and their workmen have afforded me on all 
occasions, my efforts would probably have failed, as 1 htid no knowledge of 
practical lithography. 
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drawings^ as the expense of working a stone of this size is 
little more than that only large enough to contain one.* 

* li will, I know, >)c HJiicl tliut these processes take much time, and after all 
are of a iiaiur<‘ which an intelligent draughtsman can perform, and liardly 
worth the labour which a niieroscopical observer, who wishes to carry them 
out, must b(5 content to bestow . Objections of other kinds may be urged, never- 
tb(*leHH I cannot but fet*l that if I had been prevented from having the drawings 
made at lunnt*, not oiu^ of the [)ages illustrating my w^orks would have bc^en 
published. .1 r<*niein].)er Ikjw much I needed at one time the* little information 
given hen' — and J tla^refore gladly (‘ommunicati' it, im])erfeet as it is, in case 
there may be others in the same situation as my sell*. Now, I b(*lieve that it is 
tjuite as imjiossible t.o o])t,ain a good rejn’esentation ol* any micro.scopi(r object 
W'itliout long and careful study, as it is to ])roduce a coj)y ol’ any other object in 
nntiini ; and surely it is hard to ex]M‘ct a draughtsman, w^ho is engaged in copy- 
ing various snhjc'cts, to s]H*nd liours in looking at s])eciinens in a microscoj)e, 
ohscirving things w'hich he neither knows nor perha]>s d(‘sires to know anything 
about. Neither is it possible that any one man can make himself fully con- 
versant with all the beautiful minutise in every branch of microscopic inquiry. 
It. is true that Mr. Tuffini West and one or two other g(*ntl(uncn liave taken up 
this kind of drawling and engraving, and have* })roduet‘d most ]>eautiful results. 
1 believe Mr. West’s success to hc' due to the hit ere ‘st ho takes iu the subject, 
and to his h(*ing himself a jiracdieal ohservtT. 

Tlu're are many draw ings of ini(Toseopic objects wdiic'h ought to he pub- 
lished, and ulthouah these may l>e of little interest to persons generally, are 
alwolutely required by those who are w'orking at 'special subjects. Now, liow- 
ever rich a man may h(‘, it is doubtful if a large sum of money should 1 x 3 
spent in employing artists to do work which, howxwer w'ell skilled they may ho, 
they cannot do so truthfully as the observer himself, unless they had devoted 
the same attention to the subject. Few' have time or inclination to do this. 
T1 lere is not the same (juestioii about our ow n time. 'Whatever is worth doing 
at all, is w'orth an exjionditurc of time, is wfirth doing w'ell — though it may 
involve some sacrilic'e on our ]mTt — and is w'orth recording. Whatever is 
observed is worth eojiyiiig, ])rovuIed it has not been corri'ctly copied before. It 
w’tiuld, 1 think, lx* t|uite possible* for many to learn tlie process of drawing on 
stone, and thus engrave many drawings of great use which would not otherwise 
he jiuhlished. 

V’^ery much yet remains to Iw done in rejirest'iiting microscopic texture 
faithfully. Photograjihy has done inueh, and will, doubtless, assist more, but 
there are many stmetures thi* colour of which alone rendiTs it quite im])ossible 
to obtain j)hotogra])]is of tliein. It can only be by patient study, that any 
one can hope to he able to <*o])y accurately by hand the beautiful and delicate 
lines and tints in iiiany mieroseopie objects, but it is so important that this 
should be done w ell, tliat 1 cannot too strongly urge on all tliose wdio wish to 
work at tlie microscope, earnestly to practise drawing as inu(3h as possible. 

All advance in our knowledge of structure, as w'ell as of the minute changes 
incessantly going on in living organisms, doubtless depends, in great measure, 
upon accurate coj^ies of tlie obj(*ets lic'ing made, for in this w ay alone can the 
work of the present generation he useful to that w hich succeeds it. 

It is Ix^yond the power of language to describe the characters of many 
structures in such a way that their appearance could be reproduced in the mind 
of another, and oven if this could he done, so wonderfully delicate and minute 
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80 . On Measurliiff the Diameter of Objects.* — Instead of 
alluding to the dimensions of an object in the text^ it is 

arc the ol)»er\"ed diflcreiicoa in many cases, that any attempt to classify and 
amin^e uiir observations, seems at present hopeless, and becomes more ho]»eless 
in iiroportion as observations multiply; while the difterent meaning which 
diftiTcnt persons attach to words mid phrases, introduces anfithia* difficulty 
in our attempt to collate and deduce inferences Irom the observations wliich have 
been made, 

Taki‘ for instance tlic structure of tumors. Although we possess eAiserva- 
tions witliout end, we are not yet able to grouji them under general heads, nor 
are we acquaintetl with th(‘ir mode of origin, or conversant witli tlie changes 
which take place in their anatomical elements at different ])(»riods of their 
growth. Much <lifficulty has arisen fnmi the attemjds to assign definite names 
t(» various growths, while the precise characters included under any particular 
tenn, have nevea* bet‘n ])roperly detined — and it is ilnnbtfnl if tliis can be done, 
t‘xci‘pt by a nomenclature, tlu‘ eomjdex nature of wbieli would lie fatal to its 
introtluction. N<»w surely our knowledge on tb(‘se and otlier snbjc‘ets would 
liavi‘ been mueb more extensivi* and more accurate, if instead of long dc'serip- 
tions, \\c bad been furnisbed with sketches of tk(‘ morbid growth, its dimensions 
and weight, tlu‘ length of time it bad licen growing, and a fV‘w general points 
in the history of the etuse, with aecmnite drawings of tbc‘ ininutt? structure 
of the tumor. It is true that all ]i«rHons eaimot draw wt‘ll, but a very little 
pulietiee will enable any one to eojjy a mieroseopical speetmeii, and an aeeuratc 
eo])y, althongb it be very badly ex(‘euted, has an aspect of truth wliicli is 
mnnistakeable, wbih' a drawing wbieb is oflsjiring of the imagination instead of 
a sini]»le <‘(tpy <if nature, bears the mark of untruth in every line, however 
4?laboiate and nnexeej)tioiiable its execution may be. Errors of observation art*, 

I In lieve, much more easily deteett?d in a drawing than in verbal description. 
A mistake or misinterpretation 4'X]ires8od in a drawing can, and at length must 
l)e, corrected by subsequent observation, while ill-observcsl or misinterpn*ted 
facts, cloaked in obsimre language, may be pro])agiited for years, and no matter 
bow false they are, it may 1 k‘ very difficult to refute them. T would, therefore, 
urge nj)on t‘very one the inq)ort,ance of making drawings at whatever cost of 
time and labour; it is worth any sacrifice to do really good work, and if every 
observer could but record a few accurate observations during his life, the united 
labour w’ould indeed be productive of gr(;at results. 

1 would also strongly urgt? upon observers tlie imiK)i*tanc(} of at once agree- 
ing iqum some general jdan of dtdim^ating objects, so that our observations may 
Ik* useful to each other, w'liile the task of those who will hereafter liavc to 
arrange an<l deduce conclusious from our \vork, will Ix^ much faeilifated. The 
value of the heantiful drawings in the Pathologii^al Society’s transactions, 
would 1 h^ greatly increased if a scale of lOOths or KKXKhs of an inch w^ctc 
a])j)ended to them, and the magnifying power of the f)hje(‘t glass stated. ’Fliis 
W(»uld not have added five minutes to the time rc»quired for the task, while it 
would liave rendered the drawings coinparahle wnth each other. In some, the 
inagnifying power is not even mentioned, and in others there is reason Uj Iwlievc 
it IS wrongly stated. 

Every one who copies an object should state the magnifying jxiwer of the 


* See also “ How- to Work 
Avcliives of Medicine,” No. I, 


with the Microscope,” 


and a pajxr in the 
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better to refer the reader to properly arranged scales 
appended to every drawing. If these scales are magnified 
in the same degree as the objects delineated, the diameter 
of every object depicted may be readily ascertained. For all 
ordinary purposes, it is only necessary to compare roughly 
the size of the drawing with the scale, which is magnified in 
the same degree as the specimen itself, but in those instances 
where great accuracy is important, a pair of compasses may 
be used. 

In comparing the representation of the same object 
delineated by different observers, it will be often found that 
great confusion has been produced in consequence of the 
magnifying power of the object-glass not having been accu- 
rately ascertained, and an object said to be magnified the 
same number of times by two authorities, is not unfrcquently 
represented much larger by one than by the other. This 
discrepancy in most cases arises from the magnifying power 
of the glasses not having been accurately ascertained in the 
first instance. 

I cannot too strongly recommend all microscopic observers 
to ascertain for themselves tha magnifying power of every 
ohject-glass, and to prepare, in the manner presently to be 
described, a scale of measurement by which the dimensions 
of every object can be at once ascertained. 

The plan of appending to every microscopical drawing a 
scale magnified in the same degree as the object represented, 
supersedes the necessity of giving measurements in the text, 
while it is free from any of the objections above referred 
to. With very little trouble, every one ean prepare scales 
for himself. 

combination of lenses he emplojrcd, and should append a scale magnified by the 
same combination^ pi^^ 

Let it not be supposed that I am insensible to my own shortcomings in 
these and many other matters. 1 am conscious that every drawing I have 
published might have been, and ought to have been — better, — and I can only 
hope that tlie desire for seeing our work useful to each other and to our 
successors, as well as to ourselves, will be received as a sufficient apology 
for the remarks in this long note, which can hardly have escaped the chargo 
of presumption. 
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To carry out this, it is necessary to ascertain the magnify- 
ing power of every object-glass, and to be provided with a 
stage micrometer divided into lOOths and lOOOths of an 
inch. 

81 . Mode of ancertainlngr the Masnlfyln^ Power of the Ohject- 
itianM. — A glass micrometer divided into lOOths of an inch is 
placed in the focus of the object-glass of the microscope, 
which is arranged horizontally, fig. 83. The neutral tint 
glass-reflector is fitted to the extremity of the eye-i)ieec, and 
the light carefully adjusted so as to rendcr*thc micrometer 
lines distinctly visible. Care must, however, be taken that 



Fig. 83. 
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cr. lOOOths of an inch maf^nified 200 times. 

b. Inch scale divided into tcritJis- 

c. 1 (lOOths of an inch magnified 130 times. 

d. lOOths of an inch niagnilied -10 times. 

Each magnified KMKMli of an inch covers two-tenths, or one-fifth of an incli, therefore 
tlic glass magnifies 200 times, for x 200 = two-tenths, or one-fifth of an inch. Each 
lootii of an inch covers fuur-tentiis of an inch, therefore the glass magnifies 40 times 
for X 40 — four-tenths. 

the distance from the object-glass to the reflector is the same 
as from the latter to the paper beneath it, upon which the 
magnified micrometer lines may now be traced. A four or 
six-inch scale, accurately divided into lOths of an inch, is 
now applied to the magnified iOOths of an inch, which have 
been traced on paper, and the magnifying power of the glass 
is at once ascertained. Suppose each magnified 100th of an 
inch covers one inch, the magnifying power will be 100 
diameters; if an inch and three-te^hs, 130 diameters; if 
four-tenths of an inch, forty diameters; and so on, each 
tenth of an inch corresponding to a magnifying power of 
ten times. This will be understood by referring to fig. 83. 

If we wish to ascertain the magnifying power of one 
of the higher object-glasses, a micrometer divided into 
KXXHhs of an inch should be employed instead of the one 
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just alluded to. In this last case^ each tenth of an inch 
upon the scale, corresponds to a magnifying power of one 
hundred, instead of ten diameters. Any fractional parts can 
be readily estimated if we have a very accurately divided 
scale. This process must be repeated for every object-glass, 
as well as for each different eye-piece employed with the 
several objectives. 

82. To ascertain the Diameter of an Object. — If an obje(;t 
be substituted for the micrometer, and its outline carefully 
traced upon paper, its dimensions may of course be easily 
ascertained by comparison with the micrometer lines. The 
magnifying power used being the same in both cases. 

Cn order to apply this plan to microscopical drawings 
generally, the following seems to be the simplest method 
of proceeding, and saves much trouble. Scales are carefully 
drawn jipon gummed paper j the magnifying power, and the 
micrometer employed being written against them as repre- 
sented in fig. 84. If a number arc drawn together, one 
of the rows can be cut off and appended to the paper upon 
which the drawing, magnified in the same degree, has been 
made. This is the plan I have followed in all the drawings 
which illustrate my observations, and the scales haA'c been 
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co])ied in the wood-cufH and plates. All magnifying glasses 
of the same focus do not magnify in precisely the same 
degree, so that it is necessary for every observer to ascertain 
for himself, the magnifying power of his lenses. Little 
tables may be readily constructed in the manner I have 
described. 
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In order to make an accurate microscopical drawing, the 
image of the object is carefully traced on paper with the aid 
of the glass-reflector, and afterwards finished by the aid of 
the eye alone (page 35). In order to obtain the size accu- 
rately, care must be taken that the distance between the 
reflector and the paper is the same as that between the 
former and the object-glass. The drawing having been 
finished, one of the scales made as above-described mq,y be 
gummed on in one corner of the paper. 

83. Standards of Measurement. — In thjs country wc 
usually employ the English inch, but on the continent the 
Paris line = ‘0888, or about 1-1 1th of an English inch, is 
very generally used. The sign is used to signify “ of a 
line,” and has been employed by Professor Kolliker in his 
works, while " signifies “ of an inch.V In order to compare 
the researches of different authors, it is often necessary to 
convert one expression of measurement into another. The 
accompanying table of Dr. Robertson^s will be found of 
great use in making these calculations. 


* “ Kdinburgh Mtmtlily .lournal of S<;ipnci‘,” .Innimry, 1852. 
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CHAPTER II. 

Methods of Examining Tissues. — Preliminary Operations . — 
Of Hardening Tissues. — Of Cutting Thin Sections of Soft 
Tissues. — Instruments. — Of Dissecting under IVater . — 
Of Injecting. — Examination of Deposits from Fluids, and 
of their Preservation, 

84. Mcthod8 of Examination. — In order to examine tlie 
structure of many tissues, it is necessary to obtain a section 
evenly ent, and sufficiently thin to permit the transmission 
of the light readily. The difficulty of making thin sections 
of many textures is often very great, and cannot be cflected 
with an ordinary scalpdl. Sometimes we require to cut a 
thin section of a soft texture, which can scarcely be touched 
without injuring its delicate structure and altering the 
])osition of its constituents; while, in other instances, we 
must obtain a very thin transparent section of a substance so 
hard, that steel tools will scarcely scratch it, as the enamel 
of teeth, fossil teeth, &c. 

Before the operation of cutting a thin section can be 
performed, it is sometimes necessary to soften the tissue by 
soaking it in some chemical solution. In other instances, 
the texture requires hardening, in consequence of being too 
pulpy and soft to permit of being cut with a knife. 

By simply drying a tissue we arc sometimes able to 
make out a point in its structure, which had entirely 
eluded our observation when it was examined in a recent 
state, and there are other processes of practical imiiortance 
in the demonstration of minute structures, which will be 
considered. 
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Pbeliminakt Opebation in Examining Tissueb. 

8B. Of Hardenlimr TloHueB by BoiilnKr. — This operation is 
often of great service in enabling us to demonstrate the 
structure of a tissue. For instance, the fibres of which the 
crystalline lens is composed, are best shown after boiling the 
lens in water. The branched muscular fibres in the tongue 
of the frog, and in other situations, may be made out very 
readily by boiling the tissue in water for a few moments, 
and then tearing up small portions with fine needles. Beau- 
tiful sections of muscular fibre can often be obtained after 
the texture has been boiled in water. Various glands and 
other tissues often require to be boiled for some time in 
water, in order to harden them. In all cases the micro- 
scojncal characters of the recent texture should be examined, 
as well as that which has been hardened by boiling. Small 
portions of tissue can be readily boiled in a test-tube over 
the spirit-lamp. 

80. Of VPashlnsTf SoaklMjf, op PrctisIiiKr Tissues. — Not unfre- 
quently it is necessary to get rid of the soft and more pulpy 
part of a tissue, in order to subject the more dense and 
fibrous portion to examination. This object is usually effected 
by soaking the tissue in water for some little time, and then 
placing it under a running stream of water, by which means 
the softer portions are gradually washed away. Soaking in 
water frequently enables us to tear up a tissue very readily 
with the aid of needles, and thus to demonstrate its struc- 
ture. Occasionally it is found necessary to press the tissue, 
and rub parts of it together, before the soft pulpy portions 
can be got lid of. In this way we may demonstrate the 
supporting or trabecular tissue of the spleen, and the areolar 
and vascular tissue of many organs. Thin sections of kidney, 
liver, and other glandular organs, may be thus treated when 
we wish to wash away the epithelium and blood, in order to 
study the characjpr of the tissues which remain. In these 
operations the wash -bottle, fig. 64, will be found useful. 
Generally it will be better to make a thin section of the 
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tissue first, and then soak and»wa8h carefully, when the parts 
may he seen in situ. 

87* Drylngr the Tissue previous to Examination. — Thin 
sections of certain tissues can be obtained only by drying 
the substance thoroughly in the first place ; and then 
cutting oflF a thin shaving with a sharp knife. In this way, 
specimens of skin, mucous membrane, and many other 
tissues, are often most advantageously prepared. The tissue 


Fig. 85. 



Snmll Air Pump, for clr)fiiig objucia at tlie ordinary temperature, for mounting in Canada 
bulsniii, &c. Made by Mr. Muttiiews. 


is stretched on a board with pins, and then allowed to 
dry, when a very thin section can be cut ofiF and examined 
in Canada balsam ; or it may be soaked in water for a 
short time, and when subjected to examination, will have 
regained its fresh appearance. Portions of muscular fibre, 
pieces of the tongue, skin, and many other tissues, may 
be allowed to dry in this manner, and with a sharp knife 
exceedingly thin sections may he easily obtained, which 
could not be procured in any other The drying 

may he effected in a warm room, or in a current of air. A 
high degree of artificial heat should be avoided, and in many 
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cases the best plan of drying a»tissue is to place it in a basin 
under a bell jar, and supported on a piece of coarse wire 
gauze over sulphuric acid. The process is expedited by 
exhausting the air, which may be readily effected in the 
small hand air pump, fig. 85. 

88. iBitltlns tlic Miiltstance In ortirr to remove Organic 
Matter. — When the inorganic part of a tissue which is not 
altered by exposure to a red-heat is to be examined, recourse 
may be had to ignition, in order to get rid of the animal 
matter. In this way, crystals of carbonate and phosphate 
of lime, and granules of siliceous matter may be separated 
from the organic material with which they were combined. 
The beautiful siliceous shells of the diatomacem may be 
obtained in this manner. The ignition should be performed 
in a small platinum capoule, supported on a tripod (figs. 2G, 
27), or upon a small piece of platinum foil. The carbona- 
ceous residue must be exposed to the dull red-heat of a spirit- 
lamp for some time, until only a jiure white ash remains, 
which will be found to contain the objects of our search in a 
very perfect state. If the siliceous matter only is wanted, 
the ash should be treated witli strong nitric acid, which will 
dissolve any carbonate or phosphate. The insoluble residue 
may then be washed and dried, and subjected to microseo- 
])ieal examination immersed in water, glycerine, turpentine, 
or Canada balsam. In many cases, this metliod is superior 
to that of boiling in nitric acid, in order to remove the 
organic matter. Both processes may, however, be employed 
Avhere only the siIict!Ous resicfuc is wanted; but if we require 
the calcareous salts, ignition at a dull red-heat is alone 
aj)])lieable. 

80. Of rcnderlnir Transparent Tissues more Opaque, and of 
maktiiK Opaque Tissues more Transparent cliemical reagrents. 

— Many tissues which are perfectly transparent, and appa- 
rently structureless when subjected to ordinary examination, 
can be shown t(*pos8Css a peculiar structure if treated with 
some chemical reagent which has the property of rendering 
them more or less opaque. Thus, the addition of a little 



THE MICROSCOPE IN CLINICAL INVESTIGATION. 


5] 


alcoljol often dcmoiistratcs the presence of a membrane 
ivliere none could be seen previously. Chromic acid exerts 
a similar efi’cet in rendering perfectly transparent structures 
composed of an albuminous substance, granidar, and often 
ilemonstrates an arrangement of the tissue which was before 
invisible. The transparent vitreous humor of the eye, was 
shown by Mr. Bowman to possess a curiously lamcUatcd 
arrangement, by the action of acetate of lead. Acids and 
many salts, such as alum, acetate of lead, acetate of alumina, 
solution of sesquiehloridc of iron, &c., eflect very important 
alteration in many perfectly transparent tissues. 

Sometimes the mere adtlition of a coloured solution is 
suflieient to render a tissue perfectly distinct W'hich before 
was t<io transparent to be visible. A little Prussian blue, 
diluted with much water, or a solution of carmine in 
ammonia, used in a very dilute state, w'ill in some instances 
enable the observer to demonstrate the presence of basement 
membrane, which could not be seen before, if the structure 
be allowed to soak in it*for some little time. 

The most important chvmicul agents for rendering tissues 
iHorv traiixpatn'iit , arc acids and alkalies. Many structures, 
however, arc made perfectly clear by being immersed in 
certain solutions of high specific gravity, which exert no 
vfu'inicul alteration on the texture. Syrup or glycerine may 
he used for this purpose, but I much prefer the latter, as it 
is not so liable to be invaded by fungi, while it forms a most 
excellent preservative solution.. White fibrous tissue, which 
even in a very thin layer appears oi)aquc when examined in 
most fluids, ))ceamcs perfectly clear and transparent after 
being soaked for a short time in glycerine. 

The chief value of acetic acid in rendering tissues trans- 
parent, is due to its power of dissolving earthy salts, such as 
phosphate and carbonate of lime, and reudtwing transparent 
certain forms of albuminous matters, especially the granular 
matter which exists within the cell W'all in many instances. 
Acetic acid also causes white fibrous tissue to swell up and 
become perfectly clear, while all traces of its fibrous appear- 

E 2 
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ancc is lost. On all varieties of yellow clastic tissue^ how- 
ever, it exerts no action. 

Alkalies dissolve a great number of coagulated albuminous 
principles, and many opaque tissues are rendered perfectly 
transparent if acted upon by an alkali. The principal alkaline 
solutions used by the microscopist are carbonate of potash, 
lupwr potassa*, and liquor sod<2 (solutions of hydrate of 
])otasli and soda in water). These are employed of different 
strengths. They dissolve many oj)aquc albuminous sub- 
stances, if used® very strong, and if diluted, render them 
clear and transparent. Sometimes it is desirable to render 
fibrous tissue transparent, in order to observe the character 
of certain earthy phosphates, or other substances imbedded 
in it, which are known to be soluble in acetic acid. In such 
a case alkalies are employed. Instances of the apidication 
of acids or alkalies to the same end might be alluded to, but 
the particular advantages of one or other class of reagents 
will be brought forward in other parts of the work. 

IIO. Of reiiflerlngr »^oft Tissues Hiiril and Transparent. — 
^rhere are very many solutions which have the property 
of hardening soft tissues, but as their action depends prin- 
cipally upon the formation of insoluble albuminous com- 
pounds which are opaque and granular, but few are applicable 
for microscopical purposes. Alcohol, and various saline 
solutions, as alum, bichloride of mercury, arsenious acid, &c., 
i*('nd('r most tissues too granular and opaque for microsco- 
pical observation, A very dilute solution of chromic acid 
of a pale straw colour, is useful for hardening many textures, 
but in rno>st instances a compound fluid, consisting of a 
mixiiire of two solutions — of which, one has the jiroperty 
of precipitating albuminous substances in an insoluble state, 
while the other tends to dissolve them — is to be preferred. 
Such a solution hardens a tissue effectually, but at the same 
time renders it transparent. If desirable, the refractive 
power of such a fluid may be increased by the addition 
of glycerine, and with a little trouble, fluids suitable for the 
examination of almost every structure may be made. The 
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solutions which I have used, are the following: alcohol, 
glycerine, acetic, nitric, aud hydrochloric acids, potash, and 
soda. Now alcohol, hydrochloric and nitric acids render 
many transparent albuminous textures, granular and opaque, 
aud as is well known, produce precipitates in albuminous 
solutions; alcohol will, however, dissolve many fatty sub- 
stances. Acetic acid, potash and soda, cause many albu- 
minous tissues, which are more or less opaque or granular, 
to become clear and transparent, and dissolve insoluble pre- 
cipitates of certain albuminous compounds*, (llyccrine, in 
consequence of its high refractive power, renders many 
tissues, which in their natural state are opaque, ])erfectly 
clear. By mixing together some of these solutions, luiving 
opposite properties, coraiiound fluids may be obtained, which 
will exert dift'erent effects upon tissues according to the 
proportion of the diflerent constituents they contain. A 
mixture of alcohol aud acetic acid, renders sections of the 
spinal cord and nerves so beautifully transparent, that many 
new points in their ftiinute structure have hcen demon- 
strated, w'hich, as far as is known, can be distinguished by 
no other process. This solution was employed by Mr. Lock- 
hart Clarke in his beautiful investigations on the spinal cord. 
It was only after a very laborious course of investigation 
and repeated trials of every kind of admixture which he 
thought likely to produce the desired end, that Mr. Clarke 
hit upon this most useful fluid. In his very first paper, 
before he had carried his observations upon the anatomy 
of the cord to any very great extent, he described minutely 
the manner in which his specimens had been prepared, and 
thus liberally gave his fellow-labourers the advantage of 
carrying on investigations in this wide field of inquiry, 
although he himself had but oidy commenced his researches. 
Dr. Lenhossek, of Vienna, has adopted Mr. Lockhart Clarke’s 
plan, and has made some very beautiful specimens, which he 
exhibited in London a short time since.* 


* 'riiesc arc now in the Mtitieuin of the Iloyal College of Siii’geons. 
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No better example than this can bi; adduced of the great 
value of studying the chemical and physical characters 
of the tissues, and endeavouring to overcome, by particular 
methods of investigation, the impediments which exist to 
the successful demonstration of the anatomy of many 
structures. 

The solution cmjdoycd by Mr. Clarke, is composed of 
three parts of alcohol and one part of acetic acid. The 
proportions may be varied according to the jiroperties which 
the new fluid arc' required to have. 

Alcohol, Acetic Acid, ami Nitric Add . — lly the addition 
of a little nitric sicid, a fluid may be obtained Avhich has been 
found very useful in investigations on the difl'erent forms 
of' ej)ithclial cells. One of these fluids was composed of tin; 
following ingredients ; but of course useful modifications 
will occur to the mind of every practii^al obsc'rver, according 
to the properties which he desires it should possess, and it is 
therefore oidy necessary to give the composition of one or 
two : — ' 

Water 1 ounce. 

Glycerine 1 „ 

Spirit 2 ounces. 

Acetic acid 2 drachms. 

Hydrochloric acid ^ drachm. 

Alcohol and Soda. — In many investigations I have 
obtained excellent results fj’om the use of a fluid com])osed 
of alcohol and solution of caustic sodsi, in the proportion 
of eight or ten drops to each ouuc(i of alcohol. INIany 
tissues are, at the same time, I'cndercd very hard and trans- 
parent in such a mixture, and it is particularly adapti'd for 
investigations upon the character of calcareous matter depo- 
sited in tissues in various morbid processes. It is especially 
useful in tracing the stsiges of ossification in the early embiyo. 
It renders all the soft tissues perfectly transparent, but 
exerts no action on the earthy matter of bone. The mo.st 
minute ossific points can therefore be very readily discovered. 
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A foetus, prepared by being soaked for a few days in this 
fluid, and preserved in weak spirit, forms a very beantilid 
preparation. A drawing of one, 
about the end of tlie third 
month, is given in fig. 87, and 
in fig. 86 one about the end 
of the second month is repre- 
sented. The first was pre- 
pared four years ago (1853—1), 
and perfectly j)rcservcs its 
transparency. The j)ractical 
advantages of such a ])lan over 
th(^ usual very laborious pro- 
cess of dissection, in investi- 
gating the periods ol* ossifica- 
tion in various bones, arc 
obvious. This fluid will be 



Ihiflinn I'd'tiiH, :ihout tin; (‘igliiii or ninth 
MtrU of inlriiulfniif lile, B«)akr(l in alcohol 
and soda, and prcscrvial in glycerine.. /r. 
Heart, h, Slotnach. c. IntcKl me, not ya'lm^x'h 
longer than the liody. The hianch Ih Iow flic. 
Idler, 18 the remains of tin* omphalo-incscn- 
rt , /• 1 • • i • tenc duct. d. Lungs, c. Suina-iTiial can- 

louiui very useiul in mvestlga- sules. /. Kidmys. f/. Kcmam.sol Wolllian 


tioiis upon soft 
organs. I found it of special 


- bodies, wit lr(A’aries and genital diiclH. l*oints 

gTanular of t»ssilicatioii arc ohsiTSrd in the liiitncrns 
radius, ulna, hiKt jihalangcs of the fingers, 
femur, tihia, and nhs. 'Mn^ os>>ilication of 
tin* clavicle isadvained, hut. no ossitie points 
are yet to he. detected in the feel. Natural 
size.’ 


service when Avorking at the 
anatomy of the liver.* 

Oif mount} ny Moist Tissues in Canada Batsaui , — INloist 
tissues may be mounted in Canatla balsam without being 
previously dried by the use of these alcoholic solutions. As 
is Avell known, Canada balsam will not permeate a tissue 
moistened with water; but water may be removed liy 
soaking in an alcoholic solution of acetic acid or soda, wliicli 
does not alter the albuminous materials. When well satu- 
rated, the alcoholic solution, which uoav contains a little 
water derived from the specimen, may be cliangcd for a 
little fresh fluid, and after the specimen has heen allowed to 
soak for some time in this, it may be removed to a solution 
of Canada balsam in ether. The ethereal solution drives 
out the alcohol, and after the preparation lias been placed 


‘M)u tile* Aiiatoniv of llu* Liver," 2. 
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once or twice in fresh portions of solution, it may he placed 
on a glass slide. The ether gradually evaporates, but the 
tissue remains thoroughly impregnated with Canada balsam. 
A little fresh balsam may be added, and the specimen 
mounted permanently. This plan was first used by Mr. Lock- 
hart Clarke, for the preservation of his specimens of the 
s])inal cord, and has been subsequently adopted by Dr. Len- 
hossek. Thus, although Canada balsam does not possess the 


Pi?. 87. 



lluniiiii l\rlua, Jibout tlic devfiitb or twclftli week. Oasific points are observed of consider-* 
able si/.i!. Hut one point exists in t he os innoniiiiatiini and two arc seen in the scapula. The shading 
in the bead and taee indicates the formation of bone. The ossilication of the lirst and third 
])lialau^cB of the lingers and luetuearpal bones has advanced, but at present there is only one. 
point of ossific deposit in the tiji of the great toe and one for the middle toe. In both drawings 
the development of the anterior extremities is luueh more advanced than that of the legs. 
Soaked in soda and alcohol for a few days, and preserved in spirit. Not changed since 
Natural size. 

property of wetting a tissue containing an aqueous fluid, it and 
similar media may be made to jiermeate it. In carrying out 
investigations of this kind, the following circumstances must 
be home in mind. Alcohol mixes with water, ether with 
alcohol, Canada balsam with ether. The first removes the 
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water, the second replaces the alcohol, and the last heinf; 
readily soluble in ether, may be thus introduced into the 
interstices of the tissue. The ether is allowed to evaporate, 
and the specimen prcseiwed in Canada balsam in the usual 
manner. By pursuing a similar plan, other tissues may be 
thoroughly impregnated with fluids, which under ordinary 
circumstances do not possess the property of wetting them. 

Or CuTTiKG Thin Sections. 

Oi. Of Cuttlni? Thin Sections of Soft Tissues. — There is no 
more important operation in microscopical investigation than 
this. The student often requires thin sections of difterent 
textures, and whether he pursues the study of vegetable or 
animal physiology, or morbid anatomy, it is necessary to 
make a very thin section of the tissue which is to be ex- 
amined ; and upon the amount of skill he displays in cutting 
these sections, will the success which attends his investigation 
mainly depend. The cUirkcr and more conqilicated the tissue 
may be, the more important is it to obtain a section of 
extreme tenuity, for otherwise sufficient liglit cannot be 
transmitted through the section to enable us to sec its 
structure; moreover, in a thick section, the objects occupy- 
ing different planes so much interfere with each other, as to 
prevent the possibility of any one being defined clearly, 
although the tissue is tolerably transparent. 

Cutting a thin section of a soft tissue may at first sight 
appear a very simple process, but it will be foimd to require 
some skill on the part of the operator. Sections of the 
large glands, and other soft tissues, may be made with an 
ordinary knife, which should be very sharp. A clean surface 
is first cut, and then a thin slice is removed with a slow 
sawing motion of the knife, which is much facilitated by the 
application of a drop of water ; indeed, whenever we require 
a very thin seetion of a soft tissue, the blade of the knife 
should always be well wetted with water or with the fluid in 
which the preparation is immersed. 
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The most important instrumonts for making thin sections 
of soft tissues arc the following : scissars of diflerent sizes, 
figs. 32, 33, Valentines knife, figs. 88, 89, double-edged 
sca]j)els, fig. 30, or lancets mounted in handles, and a few 
other instruments, such as forccj)s, fig. 29, and needles of 
different sizes, fig. 31, mounted in handles, arc often required 
in demonstrating minute structure. Tissues which have been 
hardened are often cut into thin sections more readily by a 
sharp razor than by any other instrunnmt. The observer 
sliould be provided with several razors, so that he may always 
liavc one or two sharj) ones by him. Razors can now be 
purchased for Lv. cacli. 

02. InHtruincntN for C3uttiii|ir Tliln Sicclions of Noft Tissues. 

— Double-edged ScatpeL — For cutting thin sections, a knife 
of the form represented in fig. 30, is very useful, and, w here 
only sections of small dimensions are required, this will 
answ^er all the purj)oses of \ alentin^s knife. In cases, how- 
ever, wliere a section is wanted of considerable extent, the 
latter instrument must be used. The double-edged scalpel is 
made after the fashion of a common lancet ; it is not so w id(», 
but should be quite as thin. When cnqdoyed for making a 
section (after cutting a clean surface), the point is made to 
perforate the surface, and carried along at a proper depth, so 
as to cut its w ay out. The width of the section may then be 
increased by carrying the knife first to the right, and then to 
the l(I*t, until the desired width is obtained. 

Connnon Lanccls mounted in handles will be convenient 
for cut ting thin sections, but each side of the blade should 
be shar])ened down to the point of insertion into the handle. 

Scissars are also very useful instruments for cutting small 
tliin sections of diflerent tissues. The most convenieut form 
for this purpose, is that shown in fig. 32. Wlien only very 
small portions of a tissue arc required for examination, they 
will be removed Avith scissars more easily than wdth any other 
instrument. 

93 . vaicntlirN Hnife has two blades, both perfectly flat on 
the opposed surfaces, very thin, and made pcxTectly sliai’p. 
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liy a mcchaiiical arraiigcmcrit^ tlic blades may easily Ix^ 
sejmrated from each other, or approximated to any rcxpiired 
degree, according to the thickness of the section desii'ed. 
Tlic thin section is received between the Idades, and is 
removed by separating them and agitation in >yatcr. This 
instrument is of the greatest value in making thin sections 
of soft tissues, but it recpiires care to keep it in good onh'r. 
It is very easily made blunt if used for cutting tibrohs or 
cartilaginous textures. By its aid, most beautifid sections 
of the kidney, liver, and other soft glandulai^ organs may be 
obtained with tlie greatest facility. Tlie blades should always 

ss. 



be dipped in water just before use, for, if wc^t, the o])eration 
of cutting is mucli facilitated, and the section is more easily 
removed from between •the blades. Immediately after use, 
the blades should be washed in water, and dricxl with a soft 
cloth or a piece of wash-leatlicr. If a dro]) of water gets 
into the u])per part of the knife wdu're the blades meet, the 
screw must be taken out, and each blade cleaiKKl separately. 
With care the knife may be kept in use for a long time. 

Two forms of Valentines knife are employed; in one of 
these tlic blades are sharp on both edges, and of a lancHd- 
shape, and in the other, which T much prefer, of the form 
represented in fig. 88. The Cest form of Valentiirs knife; 
that 1 have made use of, is that r(‘prcscnted in fig. 89, wiiieh 



w^as made by Mr. Matthews. The blades of this knife can 
be completely separated from each other and easily cli;aned. 
Moreover, the distance between the blades is regulated by a 
little screw, which is a most convenient arrangement. 
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Mr. Matthews has lately mueh simplified the plan of making 
this instrument, which renders it much cheaper, without in 
any way impairing its usefulness. The knife may now he 
purchased from 10«. Qd. to 12«. Gd. 

04. Of the Use of the Compressorlum. — ^Not unfrequently 
it is required to tear up delicate portions of tissue upon the 
field of the microscope, or to float tliem out, as it were, from 
the general substance under examination. In examining 
minute living animals we often wish to fix them in a position 
for careful observation. These objects arc effected by an 
instrument termed a compressorium, fig. 90, which consists 
simply of a mechanical arrangement, by which we are 
enabled to apply a certain amount of pressure, which can be 
increased or diminished at pleasure, and regulated at will, 
upon the thin glass covclring an object. The compressorium 
consists of a flat piece of brass, with a small ledge on 



one side, and a large hole in the centre. To one end is 
attached a lever, hearing a flat brass ring, the rim of which 
is about a quarter of an inch in width. This ring is free to 
move, and is capable of being gradually raised up and 
down upon the object, by moving a screw, having a fine 
thread, which passes through the other extremity of the 
lever. The compressorium 1 have just described is one 
of the simplest forms 1 have seen, and presents this great 
advantage, that the ordinary glass slide, with a preparation 
upon it, may be subjected to pressure without the latter 
being removed, and placed upon the glass, which, in most 
compressoriums is fixed in the hole cut out of the brass 
plate. A compressorium, made at the suggestion of my 
friend. Dr. Branson, also possesses this advantage, but the 
slide is held in its position by springs, an arrangement which 
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is not SO simple as the ledge of brass in the instrument just 
described. The compressorium is made by Messrs. Powell 
and Lealand. Professor Quatrefages has introduced an 
improvement, by whieh either side of the object can be 
subjected to examination. 

os. Of Cuttini^ Tbln Sections of Hard Tissues. — Bone and 
teeth, the hard calcareous plates in the walls of arteries and 
in cysts, and morbid growths of this consistence, are, in the 
first place, cut into thin slices with a saw, fig. 35. These are 
reduced in thickness with a file, or by rubbing on a stone 
until the sections arc transparent, wlicn the scratches may 
be rubbed out by grinding on a smooth hone with a little 
water, and subsequent polishing on a dry hone or piece 
of plate glass, or on a leather on which putty powder has 
been placed. The method of preparing sections of teeth, 
hair, nails, and other hard tissues, is described in page 55 
of “ How to Work with the Microscope.” 

Of ItfAKiNO Dissections. 

Ofl. Of nisseetliis under Water. — Minute dissections of 
tissiies arc carried on most advantageously under the surface 
of fluid with the aid of small scissars, needles, or small 
knives and forceps. If the preparation has been preserved 
in spirit or other solution, it must be dissected in the same 
fluid, but in ordinary cases clear water may be used. The 
microscopist should be provided with a few small dishes, 
varying in size, and about aif inch or more in depth. The 
large built cells, figs. 4 8, -49, make very good troughs for dis- 
secting in, but small circular vessels are made for the jiurpose. 

Loaded Corks . — The object to be dissected is attached to 
a loaded cork by small pins. We may take a piece of flat 
cork rather smaller than the cell, and then cut a piece of 
sheet lead somewhat larger than the cork. The edges of the 
lead are then folded over the cork and beaten down slightly 
with a hammer, and may afterwards be filed smooth with a 
coarse file, fig. 40. 
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The ol)jcct being fixed uj)on the cork and placed in the 
cellj fluid is poured in until it just covers the surface of the 
specimen. A strong li^^it is then condensed upon it by 
means of a large bull’s eye condenser, or by a large globe 
full of water. With a strong light, magnifying glasses are 
not required ; and I have always found that delicate dissec- 
tions could be made with the greatcist facility without the aid 
of a dissecting microscope, provided a strong light was con- 
densed U])on the object. Occasional examination of the 
dissection with a lens of low power is advantageous; but if a 
lens be employed during the dissection, there is great danger 
of accidentally injuring the specimen, as it is impossible to 
judge of the distance which the n(5cdle point may be beneath 
the surface of the fluid. Minute branches of nerves or 


Kig. 91. 



vessels, may in this way be followed out, and small pieces 
of the diflerent tissues into which they can be traced may be 
removed for microscopical examination with a pair of fine 
s])ring seissars. 1 had scissars of this form made some years 
since for vi^y delicate dissections, and I have found them 
of gr(;at use in dissecting thin membranes from delicate 
structures beneath. With the aid of these scissars, the coats 
of an artery may be dissected off,- and mucous membrane 
may be readily stripped from subjacent tissues. By a similar 
plan the nervous system of the smallest insects can be very 
readily dissected. The ari’angcment for carrying on minute 
dissections is shown in fig. 39. 

Tablets upon which Dissections may be Pinned out . — 
ISfany preparations require to be arranged in a particular 
position, previous to being mounted as permanent objects. 
Slabs of wax are usually employed by anatomists for this 
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purpose, but if transparency is required, the dissections may 
be attached by tlircads to thin plates of mica. 

I have found that tlie best slabs arc made of a mixturt' 
of wax and gutta percha, in the proportion of one part 
of the former to from two to four of the latter, according to 
the degree of hardness rc(juircd. The ingredients arc to be 
melted in an iron j)ot, over a clear fire, and well stirred. 
When quite fluid, the mass may be poured upon a flat slab 
and allowed to cool. Tliin cakes of about the eighth of an 
incli in tliickness arc thus obtained, and tliey can easily be 
cut with a knife to fit the cells intended for the preparation. 
Pins, or small pieces of silver wire, may be inserted into 
these slabs, and will adhere firmly, although the material is 
very thin. 

Or Injecting Tissues for Microscopical Examination. 

In the investigation of healthy and morbid structures, 
many points of great^ importance can only be made out 
by examining injected jireparations. From their extreme 
tenuity and j)erfect transparency, the capillary vessels of 
many tissues are not distinguishable as such, in prej)arations 
examined in the ordinary Avay. By looking at uninjected 
j)reparations, we may sometimes be led to conclude that a 
tissue is only slightly vascular, when it is abundantly supplied 
Avith vessels j and in other cases we may describe as a fibrous 
matrix or supporting framc-AA^ork, a tissue which is composed 
almost entirely of a dense netJ^ork of capillaries. Capillary 
vessels Avhen uninjected are often collapsed, and in the mani- 
pulation necessary for preparing a microscopical specimen, 
arc inevitably pressed and somewhat stretched and torn. In 
such a specimen the vessels cannot be distinguished from a 
form of fibrous or connective tissue, Avhich is very common, 
and ill not a few instances, have been so described. In 
investigating the anatomy of morbid groAvths, still greater 
confusion has arisen from trie same cause, and it is hardly to 
be expected that we shall be able to ascertain the nature 
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of these, or the history of the various stages through which a 
particular structure passes in the course of growth, until the 
arrangement of the vessels has been accurately made out, and 
the precise relation which they bear to the most important 
anatomical elements of the tissne, determined. It is obviously 
impossible to ascertain these points without the vessels are 
filled with some coloured material, which renders them less 
transparent than in the natural state ; and it is at the same 
time quite clear that they must not be filled with any opaque 
substance, for this would j)rcvcnt the possibility of the sur- 
rounding structures being seen at the same time. For in- 
vestigations, therefore, of this class, the materials usually 
employed for injecting the capillary vessels, such as vermi- 
lion, chromate of lead, and other opaqnc colouring matters, 
are inadmissible® Neither can the tissues be dried and 
mounted in Canada balsam in the manner in which vascular 
preparations arc usually preserved, because delicate structures 
are invariably altered or destroyed by this process. In snch 
preparations, vessels occupying very different positions all 
appear on the same plane, and it is impossible to distinguish 
if a particular branch is really continuous with another, or if 
the apparent continuity results merely from one lying exactly 
in front of the other. Many erroneous statements have 
arisen from trusting implicitly to such specimens. 

It is somewhat strange that some minute anatomists of 
high authority have expressed themselves against the use 
of injections for the investigation of the anatomy of tissues. 
It is true that for the most part these objections refer to 
preparations made with opaque materials, the disadvantages 
of which 1 feel strongly, and have alluded to above. So far 
from the process of injection not being of advantage, I am 
quite satisfied that we shall learn more from its use than 
from any other known method of investigating the anatomy 
of the tissues of animals. The importance of different media 
for examining tissues is admittediby all, and how can tissues 
be so surely subjected to the action of these, as by inject- 
ing them into channels from which their absorption is imme- 
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diate, while all parts of the tissue are acted upon by a solution 
of uniform strength ? 

In order to inject satisfactorily the most minute vessels 
of a tissue, and at the same time to demonstrate their rela- 
tion to adjacent structures, one must be provided with an 
injecting medium which possesses the following jjroperties : 
— The fluid should be of such a consistence that it will run 
readily through the smallest vessels. It must contain a 
certain amount of colouring matter to render ‘the arrange- 
ment of the vessels distinct, but must be sufficiently trans- 
parent to admit of the examination of the specimen by 
transmitted light. The colouring matter must not be soluble, 
for in this case it would permeate the tissues indiscriminately, 
and would thus prevent the vessels from being distinguished 
from other textures. Though insoluble, the particles of 
which the colouring matter is composed must be so minute 
as not to exhibit distinct granules when examined with the 
highest powers, for if this were so, the specimen would have 
a <ronfused appearance? The fluid in which the colouring 
matter is sns])ended, must be capable of permeating the walls 
of the vessels with tolerable facility. It must possess a certain 
amount of refractive power, and a density approaching to 
that of the fluid which surrounds the tissues in the natural 
condition. It must be of such composition that it may be 
employed without the application of heat. 

The injecting fluid must not escape too readily from the 
numerous open vessels necessarily exposed in cutting a thin 
section of the tissue for examination, and particles acci- 
dentally escaping ought not to adhere intimately to the 
surface of the section, for this would render the specimen 
confused and indistinct, when subjected to examination, 
especially if high magnifying powers are required. The fluid 
employed must not interfere with the preservation of the 
specimen, and it ought not to undergo any alteration by being 
kept for some time. It should be cheap and readily prepared. 

The injected specimens must permit of examination with 
a power of at least 200 diameters. 
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91. FrufMian Blue Injecting Fluid. — In searching for a 
fluid possessing all these different properties^ many experi- 
ments have been made. The fluid which I employed in my 
investigations upon the anatomy of the liver, possesses the 
various qualities required, and is applicable for making 
minute injections of the capillaries as well as the ducts 
of glands. This fluid consists of Prussian blue in a state 
of very minute division, suspended in a solution which also 
acts the part of a preservative fluid. The particles of blue 
are quite insoluble, so that they will not pass through base- 
ment membrane, but at the same time they are so minute 
that when examined by a very high power, the precipitate 
appears uniform and homogeneous. It is not easy to wash 
this fluid out of the vessels when a section of the injected 
tissue is prepared. It rhns very freely, and a perfect injec- 
tion can be made with it in the course of a few minutes. It 
is well adapted for injecting morbid growths, and possesses 
many advantages over other injecting fluids, of great impor- 
tance to practitioners who have littld time at their disposal 
for such studies. It can be kept for a length of time with- 
out being impaired, and can be used at once. Before inject- 
ing the tissue no warming is necessary, as in the use of size 
injections, and the preparation may be examined immediately 
after the injection has been completed. The fluid is inex- 
pensive, so that small portions of an organ may be efficiently 
injected, in which case a considerable quantity of the inject- 
ing material must necessarily escape from the divided vessels, 
and be wasted. It tends to harden the coats of the vessels 
as it passes through their channels, while at the same time it 
increases the transparency of the specimen. The colour is 
not affected by acids, but is removed by alkalies. Capillaries 
thus injected may he examined by the eighth of an inch 
object-glass.* 

In using this fluid, it is not even necessary that the pipe 
should be tied in the vessel, but when this cannot be effected 
readily, the injection may be driven as the pipe lies loosely 

* “ Archives Medicine,” No. 1. 
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in the channel. Although a good deal escapes, much will 
run in, and the capillaries may often be well injected in this 
manner. Good injections may be made of small pieces 
of liver and kidney, although much cut in various directions. 
A quantitj'^ of injecting fluid is lost in the process, but as the 
expense of making the fluid is A'cry little, it is immaterial. 

Specimens injected with this preparation may be pre- 
served in any of the ordinary preservative solutions^ hut 
I give the preference to glycerine or glycerine jelly. They 
may also be dried and mounted in Canada balsam if desired. 
Composition of the Prussian Blue Fluid for Making 


Transparent Injections : — 

Glycerine 1 ounce. 

Wood naphtha, or pyroacctic spirit 1-| drachms. 

Spirits of wine 1 ounce. 

f’crrocyanidc of potassium 12 grains. 

Tincture of sesquichloridc of iron 1 drachm. 

Water 4 ounces. 

t 


The ferrocyauide of potassium is to b(5 dissolved in one 
ounce of the water, and the tincture of sesquichloridc of 
iron added to another ounce. These solutions should be 
mixed together very gradually, and well shaken in a bottle. 
The iron being added to the sohttion of the ferrocyanide of 
potassium. Wluui thoroughly mixed, these solutions should 
produce a dark blue mixture, in which no precipitate or 
fioeculi arc observable. Next,^the naphtha is to be mixed 
with the spirit, and the glycerine and the remaining two 
ounces of the water, added. This colourless fluid is, lastly, 
to be slowly mixed with the Prussian blue, the whole being 
well shaken in a large bottle during the admixture. The 
tincture of sesquichloridc of iron is recommended because it 
can always be obtained of uniform strength. It is generally 
called the muriated tincture of iron, and may always be 
purchased of druggists. 

08 . Carmine injectins^ Fluid. — In the hands of Mr. Smee, 
Professor Gerlach, and others, carmine has long been 

F 2 



08 


THE MICROSCOPE IN CLINICAL INVESTIGATION. 


employed for making minute injections with the most satis- 
factory results. The solution is made by adding a few drops 
of liquor ammonia to a little carmine, when a beautiful 
violet coloured solution is produced. This may be diluted to 
the required tint, and injected. It is most applicable to 
injecting very delicate vessels, as those of the brain ; indeed, 
if much force be employed, the fluid transudes through the 
walls of the vessels, and tinges all the neighbouring tissues 
indiscriminately. The fluid is much improved, and its ten- 
dency to transude diminished, by the addition of glycerine 
and a little alcohol. 1 had long wanted a transparent injec- 
tion which could be used for injecting some vessels, while 
others in the same preparation, were injected with Prussian 
blue. Professor Gerlach has made some beautiful double 
injections of the portal and hepatic capillaries, by injecting 
one set of vessels with carmine, and the other with Prussian 
blue. One of these he kindly sent me by my friend. 
Dr. Harley, but as Professor Gcrlach’s preparations were 
dried and mounted in Canada balsam, there are many impor- 
tant points in the structure which cannot be made out. If 
it is attempted to preserve such a preparation in the moist 
state, it soon becomes destroyed. The alkali of the carmine 
injection always destroys the blue colour of the Prussian blue, 
while if acid be added to the carmine previously, a precipitate 
unfavourable for injecting the capillaries is produced. After 
trying a great many different combinatRms to effect this 
object, I arrived at the following, which answers the purpose 
exceedingly well : — 

Carmine 5 grains. 

Glycerine, with about eight or ten 
drops of hydrochloride acid . . 

Glycerine 1 ,, 

Alcohol 3 drachms. 

Water G ,, 

Ammonia, a few drops. 

Mix the carmine with a few drops of water, and when 


^ ^ ounce. 
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well incorporated, add about five drops of liquor ammonia. 
To this dark red solution, about half an ounce of the glycerine 
is to be added, and the whole -well shaken in a bottle. Next, 
very gradually, pour in the acid glycerine, frequently shaking 
the bottle during admixture. Test the mixture with blue 
litmus paper, and if not of a very decidedly acid reaction, a 
few' drops more acid may be added to the remainder of the 
glycerine, and mixed as before. Lastly, mix the alcohol and 
water very gradually, shaking the bottle thoroughly after 
adding each successive portion, till the whole is mixed. This 
fluid, like the Prussian blue, may be kept ready jircpared, 
and injections may be made w'ith it very rapidly. 

»V. Of practlHliiw the Operation of Ipjectlnw. — The student 
will find that the process of injection will be learned after a 
few' trials, and although in the first attempts he should fail 
altogether, I would earnestly recommend him not to give up 
the attempt, as this mode of investigation is of the greatest 
importance. 

Pvery one engaged in the investigation of the anatomy 
of tissues in health and disease, should be able to inject W’cll, 
and by employing the fluids recommended, it will be found 
that injections can be made without much sacrifice of time. 

The manner in which the operation is performed will now 
be briefly described. 

In the first place, the following instruments must be 
conveniently arranged : — 

The syringe thoroughly clean and in working order, with 
pipes, stopcoek, and corks, figs. 55, 56, 60, 63. 

One or tw'o scalpels, fig. 30. 

Two or three pair of sharp scissars, figs. 32, 33. 

Dissecting forceps, fig. 29. 

Ilull’s-nose forceps, fig. 58. 

Curved needle, threaded with silk or thread, the thick- 
ness of the latter depending upon the size of the vessel to 
be tied, fig. 61. 

Wash-bottle, fig. 64. 

Injecting fluid in a small vessel. 
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An incision is made through the vessel to be injected, 
with a pair of strong, sharp scissars; the two sides may 
easily he separated with the aid of a hlunt-pointed needle. 
Into the opening a pipe is inserted and directed towards 
the j)oint of distribution of the artery. Before the pipe 
is inserted, however, a little of the injecting fluid is drawn 
up so as to fill it, in order to prevent the air contained 
in the pipe from being forced into the vessels, which would 
cause the injection to fail. 

The point Of the pipe having been introduced into the 
artery, the needle with the thread is next carried round the 
vessel, and the thread seized with forceps, the needle un« 
threjided and withdrawn, or one end of the thread may be 
held firmly, while the needle is withdrawn over it in the 
opposite direction. Th6 thread is now tied over the vessel, 
SO as to include the tip of the pipe only, for if the pipe be 
tied too far nj), there is great danger of its point passing 
through the delicate coats of the vessel. 

The nozzle of the syringe is now plunged beneath the 
surface of the fluid, the piston moved up and down two or 
three times, so as to force out the air completely, and the 
syringe filled with injecting fluid. It is then connected with 
the pipe, which is firmly held by the finger and thumb of the 
left hand, with a screwing movement, a little of the injection 
being first forced into the wide part of the pipe so as to 
])rcvent the possibility of any air being included, fig. 57. 

The pipe and syringe being still held with the left hand, 
the piston is slowly and gently forced down with a slightly 
screwing movement with the right, care being taken not to 
distend the vessel so as to endanger rupture of its coats. 
The handle of the syringe is to be kept uppermost, and the 
syringe should never be completely emptied, in case of a 
little air remaining in it, which would thus be forced into 
the vessels. The injection will soon be observed running 
into the smaller vessels in diflperent parts of the structure. 

The student is recommended to practise the process by 
injecting the organs, and animals, in the order in which they 
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are enumerated, and not to attempt the second until he has 
succeeded with the first. In all cases the o})cratiou is to be 
conducted patiently, and very slight pressure on the piston 
is to be exerted. 

1. Kidneys of man, sheep, or pig. — Artery. 

2. Eye of ox. — Artery. 

3. Rat, mouse, frog. — Injected from the aorta. 

t. Portion of intestine. — Branch of artery. All divided 
vessels being tied before commencing to inject. 

5. Ijiv'cr. In one part, a branch of duct; in a second, a 
branch of artery; in a third, j)ortal vein; and in a fourth, 
hepatic vein. The portal and hepatic vein, the artery and 
portal or hepatic vein, or the duct and portal vein may be 
injected with injections of different colours in oiu; ]>art. 

The branches into which the pipe is to be inserted, must 
be carefully dissected out in the first instance. When the 
trunk is small, much difficulty will occur in attcmjding this. 
The small vessel should be seized in forceps and drawn over 
the tip of the finger Vith as little stretching as j’ossiblc. 
Is' ext, Avith a pair of shar]) scissars, a slit is to be made quite 
through the walls of the vessel. If any ti-oublc is felt in 
endeavouring to insert the pi])e into the slit, a little water 
may be ])rojected upon it from the wash-bottle, when the 
coats of the vessel become slightly raised, and the j)ipc can 
easily be passed into the tube. Where a pipi; is required to 
be inserted into a duct of a gland, which is even found with 
difficulty in the natural state of the parts, I have resorted to 
the following expedient with advantage. Tepid water is 
gradually injected into the artery or vein which supplies the 
jiart. The Avhole organ swells considerably, and soon water 
transudes into the follicles of the gland, and passes along the 
ducts, which, in consequence, become so much distended as 
to be easily found ; while at the same time, they are 
completely washed out, and any epithelium or secretion 
which would interfere with the course of the injection, 
removed. An opening can readily be made in the wall, a 
pipe inserted, and the tube tied over it. Next, the water 
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can be removed by wrapping tbe organ up in cloths and 
placing the whole under pressure for twenty-four hours, 
when nearly all the water will have been absorbed, and the 
duct and vessels in the most favourable state for receiving 
injection. A pipe may frequently be inserted into a small 
lymphatic vessel by pursuing the same course, although it 
would be quite impossible to introduce it under ordinary 
circumstances. 

100. On injectinsr Wnriild Growths. — Morbid growths may 
be injected in the same manner as healthy tissues, but it is 
almost impossible to obtain very satisfactory results with 
opaque injections. The walls of the vessels are so thin that 
they often give way, while the canals themselves are fre- 
quently so large and numerous, that when filled with injec- 
tion other parts of the structure arc invisible. In many 
cases, a very slight warmth destroys the mass, and reduces it 
to a mere pul]). In consequence of the caj)illaries lying on 
diflcjrent i)lanes, being completely filled, the whole looks of a 
uniform colour, and cannot be distinguished from a mass 
of extravasation. With the Prussian blue fluid, however, 
I have succeeded in obtaining very good injections of some 
tumours, and have satisfactory specimens of very soft can- 
cerous growths in which the vessels have been filled without 
rui)turc. From the rapidity with which decomposition takes 
])lace, especially in the case of soft tumours, the injection 
should be commenced as soon as possible after the removal 
of the tumour. The free passage of the fluid along the vessels 
is not prevented to the same extent, as in healthy tissues, by 
the contraction of their coats. Many morbid growths are 
principally supplied by large veins, which are very readily 
injected, if only slight force be employed. 

101. Gf ImpresnatlRK Tissues with Preservative and other 
Solutions, hy the process of Ipjectlne:. — The process of injec- 
tion may be employed for other purposes than demonstrating 
the arrangement of the vessels of a tissue. The importance 
of examining objects in different media, has been fully dis- 
cussed in II ow to Work with the Microscope.” The value 
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of various chemical reagents, in hardening textures, and in 
rendering certain structures transparent, or increasing the 
oi)acitv of others, lias also been dwelt upon (page 51). It 
is obviously desirable that tissues to be examined in any 
of these fluids, should be thoroughly saturated in every part, 
and no portion should long remain out of contact with the 
fluid in which it is to be immersed. In the ordinary manner 
in which tissues are prepared, especially if they be very ‘thick, 
the fluid in wdiieh they are placed is a long time penetrating 
into the interior, and when it reaches this part, in con- 
sequence of having been filtered through a considerable 
thickness of structure, its action will be weakened. Indeed, 
in many instances, it is found that decomposition has com- 
menced before the preservative solution has permeated every 
part of the structure. Now all tiiese inconveniences may 
bo avoided by injecting the vessels of the part with some 
of the same solution as that in which the preparation is to 
be preserved. By such a jilan, it is clear that every portion 
of the tissue will be bathed with the solution, which per- 
meates the delicate walls of the capillaries just as it is sur- 
rounded by fluid which transudes through the vessels during 
life. Latterly I have injected various tissues with diflerent 
preservative fluids and chemical reagents, and have obtained 
most satisfactory results. The Prussian blue fluid serves the 
double purpose, not only of rendering the arrangement of 
the vessels distinct, but also makes the tissues transparent, 
and at the same time acts the part of a preservative solution. 

By acting in this manner, many fallacies are guarded 
against. Uniujeeted and contracted capillaries have often 
been mistaken for a form of fibrous tissue; the loop-like 
an-angement of vessels in some textures has produced an 
appearance which has been mistaken for epithelial cells; 
and indeed in the uninjected state, especially when a few 
blood corpuscles remain in the vessels, the resemblance to an 
epithelial layer is very striking. Such an appearance is seen 
both in the lungs and in the kidney. If, however, the vessels 
arc injected w'ith the Prussian blue fluid, or with a eolourless 
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solution, the blood corpuscles arc washed out, the vascular 
loops are distended, and the walls of the capillaries are seen 
in profile, as sharp, weU-defincd, clear and unbroken, outlines. 
I have injected fluids which have the property of rendering 
cells, where they exist, exceedingly distinct, and in no single 
instance have 1 ever been able to demonstrate epithelium in 
either of the above localities. It has been urged, by tbosc 
who have described this epithelium, that in the process 
of injection, it is forced of!' from the vessels, but even if this 
occurred to sonx) extent, wc shoidd certainly, here and there, 
find a few cells still adherent; and it is easy to show that 
epithelial cells, where they exist, arc not so easily removed 
by injecting the vessels. One of the strongest advocates for 
the existence of this epithelium, gives diagrams of it still 
adhering to partially injected vessels.* The delicate c])itbc- 
lium existing in the minute gall duets, is not unfrcquently 
found still adhering to the basement membrane, not only 
after they have been thoroughly washed out with water forced 
through them in one direction, but injected ■with fluid in an 
ojjposite one. 

Examination of Defosits feom Ettniis, and of theiu Peesekvation. 

The most important pieces of ajiparatus rctpiired in the 
examination of deposits which subside from fluids, are the 
following : — Test tubes, fig. 71 ; pipettes of dill’ercnt sizes, 
conical glasses, wash-bottle, fig. GI; watch-glasses, fimnels 
for filtering, fig. 72 ; and cells in which the deposit may be 
subjected to microscopical examination, figs. 52, 53. 

lo*. Test Tubes. — The observer should be provided with 
several test tubes, varj-ing in length from live or six inches to 
an inch and a half, or even less. The smaller tubes arc very 
convenient for preserving small quantities of deposits im- 
mersed in a preservative solution, for examination on a sub- 
sequent occasion. In boiling a specimen of urine in a test 
tube over a lamp, it may be held by twisting a piece of paper 

* Dr. Isaacs, in a paper on the Anatomy and Physiology of the Kidney, 
pnhlished in the Transactions of the New York Academy of Medicine, 1857- 
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tlirec or four times folded round the neck, so as to serve for 
a sort of handle; or a little support made of wire, and 
mounted in a wooden handle may be used ; or the tube may 
be placed through the smallest ring of the stand represented 
in figs. 24, 25, and in this manner exposed to the action 
of the lamp. 

103. Pipettes. — The pipettes required in microscopical 
examination should he of various sizes, according to tho depth 
of the vessel which contains the deposit, and the diameter 
of its orifice. When it is required to remove some of the 
deposit from tlic bottom of a bottle with a nairow neck, for 
instance, we shall want a pipette of very small calibre. On 
the other hand, if the deposit be very thick and viscid, the 
pipette must he wide, or it wUl not enter it. The orifice 
of the pipette should he from the •tenth to the eighth of an 
inch in diameter. 

Pi])ettes arc made of common glass tube of various sizes ; 
the opening at the bottom being drawn out slightly in the 
blowi)ipc, in order to Aakc it a little narrower than the tube 
itself.* 

It is convenient to have a sort of collar to the pipette, 
about two inches from the top, which will prevent the finger 
and thumb from slipjiing when the instrument is used, figs. 
(10, 07. Occasionally a pipette, the end of wdiich is slightly 
bent round, fig. 07, will be fomid useful ; and sometimes 
when we wusli to decant a considerable quantity of fluid from 
a Avatch-glass, &c., a iiipcttc, upon the stem of which a bulb 
has been blown, will be of service. 

The top of the jjipettc shoidd be slightly bent over in the 
form of a lip, and perfectly smooth, so that it may be eom- 
j)letely covered with the fore-finger, while the middle finger 
and thumb are placed on either side of the tube immediately 
below the ring. 

Various other forms of pipettes have been employed, but 
the above will be found most useful to the microscopical 

* (ila.ss tubing adapted for mnkiug pipettes, may Ite jnircbascd at the 
(ilH;rative diemisW, or of Messrs. Powell, Whitefriars. 
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observer, A small pipette with a narrow opening is con- 
venient for removing any superfluous liquid which may escape 
outside the thin glass cover when preparations arc being 
mounted in fluids and preserved in cells. 

104 . Conical GiaNMcs. — Glasses of the shape figured in 
figs. 92, 93 arc the most convenient vessels in which to place 
fluids holding certain substances in suspension^ which we wish 
to examine. After the fluid has been allowed to stand for some 
time, the deposit collects in the narrow portion of the glass. 

Fig. 92. rig. 93. 

I 


Glass, suggested by Dr. Rudd, for taking Conical Glass, for allowing deposits from fluids 
specific gravities, and for obtuiniug deiwsits. to siihside. The drawing show's the manner in 

which a portion of the deposit is to be removed 
with the pij)ette. 

and however small in quantity, may be very easily removed 
with the pipette. These glasses can be obtained of various 
sizes. In choosing them, it is better to select those in which 
the narrow part terminates in a rounded extremity, for many 
will he fomid to have a little prominence in the bottom around 
wdiich the deposit collects, and in this case it is with difficulty 
removed by the pipette. Others terminate in a sharp point, too 
narrow to force even a wire into for the purpose of removing 
the deposit which collects there. If the deposit is allowed 
to dry in such a glass, it is liardly possible to clean it. A 
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very useful glass for allowing deposits to collect in, is repre- 
sented in fig. 92. It was designed by Dr. Budd, and is of 
great use in examining urine and other fluids, as the specific 
gravity may be taken, and the specimen allowed to stand in 
tha same glass without the trouble of transferring it to 
another vessel. This must be done, if the ordinary upright 
jar be employed for taking the specific gravity. 

105. wash.Bottic. — ^This simple piece of apparatus, .whieli 
is ordinarily used by chemists, is of great use to the micro- 
scopical observer. He will find it most convenient for wash- 
ing away the parenchymatous part of tissues in order to 
leave the more fibrous portions, removing epithelium from 
the surface of membranes, &c. It is employed by the 
chemist chiefly for washing precipitates on filters, &c. 

The wash-bottle is made with a» ordinary bottle or glass 
flask, having a moderately wide mouth. Two tubes bent, as 
shown in fig. 04, arc accurately fitted into a cork adapted 
to the neck of the bottle. Upon nearly filling the bottle 
with water, and blowiif^ through the shorter tube, the fluid 
will be projected from the capillary orifice of the longer 
one in the form of a fine jet, wliicdi may be directed upon 
any desired point. 

too. FiinueiH ; Filtering. — The funnels required in micro- 


Fig. 94. Fig. 95 



Ketort Staml, Funnel, and Glass, 
arranged for filtering. 

scopical examination are very small. Those of about two or 
three inches in diameter are large enough for most purposes. 
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Glass funnels are the cheapest and the best. The funnel is 
supported in the small retort stand, fig. 95, or npon a tripod. 
The filtering paper may be obtained already cut in packets 


Fit-. 



This figure shows the manner in which blotting paper is to be cut and folded for the 

purpose of filtering. 


of circular pieces of any size required. One of these is 
folded in the manner shown in fig. 96, when used. Before 
filtering, the filter should always be moistened with a few 
drops of water, or with a fluid of the same nature as that 
whieh is to be filtered. The funnel is conveniently supported 
on the small stand represented in figs.' 94, 95. 

loi. Ntrainine through MusUn is sometimes a convenient 
method of separating fine and coarse particles from each 
other, or for separating a crystalline deposit from viscid 
mucus. By projecting a stream of water from the wash- 
bottle, the crystals may be washed through the muslin into a 
vessel placed beneath to catch them, while the mucus remains 
behind. In the separation of starch particles from gluten, a 
similar j)lau may be pursued. 

The muslin may be tied over a glass or funnel with a 
piece of thread, or it may be conveniently fixed in its place 
by one of the ^odcanized India-rubber rings commoidy sold 
at stationers’ shops. 

108. Cells for tlie Examination of Deposits. — The thin glass 
cell, fig. 52, will be found a very eonvenient form for the 
examination of deposits from fluids, especially when they 
exist only in small quantity. If the deposit is very abundant, 
it will only be necessary to place a small quantity upon a 
glass slip, and cover it with thin glass. For the examination 
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of urine, I have been in the habit of using the animalcule 
cage, fig. 97. 

lOO. Animalcule Caice. — The advantage of this apparatus 
consists in the facility with which the depth of the stratum 
of fluid to be examined may be altered, according to the 
quantity of the deposit which it Kig. 97 . 

contains. This is a point of great 
practical importance when the 
amount of sediment is very small, 
for by submitting only a very 
thin stratum of fluid to examina- 
tion, we might often overlook the 
])rescnce of a small quantity of 

. . * Animuif iilc Cajrti ’ (made by Messrs. 

ail important deposit, such as a PowiII uml lor exuinimng 

deposits from Ihiids. 

few fat-cells, or small crystals of • 

oxalate of lime in urine. If, on the other hand, the dej)Osit 
he very opaque and abundant, the cover may be pressed 
down so as to come very nearly into contact with tlic glass 
upon which it is placed* and a very thin stratum otdy may in 
this manner be examined. 

110 . ICeiiioval nf the Oeposlt from the Vessel containiniir It. 

— ^This is (^fleeted as follows : — ^The upper end of the pipette 
being firmly closed with the forefinger, and the tube held by 
the thumb and middle finger, the lower end is carried down 
to the bottom of the vessel containing the deposit, fig. 93. 
If the forefinger be now raised very slightly, but not com- 
pletely removed, a few drops of the fluid with the deposit 
will rush up into the tube. When a sufficient quantity for 
examination has entered, the forefinger must again be firmly 
pressed upon the upper opening, and the pipette carefully 
removed. A certain quantity of the deposit is then allowed 
to flow from the pipette on to the glass slide or cell, by gently 
raising the forefinger from the top. The deposit is then 
covered with the thin glass cover, and subjected to examina- 
tion in the usual way. 

111. Method of Collectlnir a very small quantity of a Deposit 
from a Fluid. — 'When the quantity of dejiosit is very small. 
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the following plan will be found of practical utility. After 
allowing the lower part of the fluid which lias been standing, 
to flow into the pipette as above described, and removing it 
in the usual manner, the finger is applied to the orifice, in 
order to prevent the escape of fluid when the upper orifice is 
Fig. 98. opened by the removal of the 

finger. The upper opening is 
then carefully closed with a 
piece of cork. Upon now 
remoAung the finger from the 
lower orifiee, the fluid will not 
run out. A glass slide is placed 
under the pipette, which is 
allowed to rest upon it for a 
short time. It may be sus- 
pended with a piece of string, 
or supxiortcd by the little retort stand. Any traces of 
dcxiosit will subside to the lower jiart of the fluid, and must 
of necessity be collected in a small droj) upon the glass slide, 
which may be removed and examined in the usual way. 

Another j)lan is to place the fluid with the dejiosit 
removed by the pij^ette, in a narrow tube, closed at one end, 
the bore of which is rather less than a quarter of an inch in 
diameter. This may be inverted on a glass slide, and kept 
in this position with a broad clastic India-rubber band. The 
dcj)Osit, Avith a drop or two of fluid, will fall uj 3 on the slide, 
but the escai)c of a further quantity is j^revented by the 
nature of the arrangement, fig. 98 . 

112. Separatl<iii of tlie Deposit from tlic Fluid In illicit it 


This figure shows the nunuicr in yiiich u 
‘ ficposit may he collected from a Iluid 


trace of 
for examination. 


was Suspended for Preservation. — After allowing time for tlic 
complete subsidence of the deposit, the supernatant fluid is 
poured off, and the glass filled up with water, or some 
fluid which corresponds in density to that which was 
removed, as glycerine, saline solutions, &c., in cases in which 
the endosmosis of water into cells is to be feared. After 
again allowing time for the subsidence of the deposit, the 
operation of pouring off the fluid is repeated, and more water. 



THE MICROSCOPE IN CLINICAL INVESTIGATION. 


81 


or the prescr\^ative solution, added, and again poured off, 
until the deposit is considered to be free from the original 
fluid. Two or three washings generally suffice. In this way 
a deposit may be thoroughly saturated with any fluid in 
which it is to be preserved. 

After being thoroughly washed, the deposit may be 
removed with a pipette in the usual way, placed upon a slide 
or in a small test tube, which may then be corked up and 
labelled. The latter plan is the most satisfactory with which 
1 am acquainted for preserving small quantities of deposits, 
and if the tube be nearly filled with the preservative fluid, 
the deposit will keep for a length of time. 

113. Of Neparatiiiic tlie Fine from the Coarse Particles of a 
iicpoNit. — This is readily eflcctcd by stirring the whole of the 
deposit u]) with some water, a short* time being allowed for 
the subsidence of the densest particles ; the fluid is poured 
off into another vessel. After a short time has elapsed, all 
but the deposit is again j^oured off into a third and fourth 
vessel. In this manifer, several different sediments arc 
obtained, each containing particles of different size and 
density, which may be subjected to examination, or mounted 
separately. 


G 
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CHAPTER III. 

Of the Chemical and Microscopical Examination of the 
Solids and Fluids of the Animal Body. — Apparatus . — 
Microscope for Examining Substances Immersed in Cor- 
rosive Liquids. — Method of Examining Objects at a High 
Temperature. — Reagents. — Method of Applying Tests to 
Substances intended for Microscopical Examination . — 
Effects of Reagents upon Animal Structures. — Of obtain- 
ing Crystalline Substances from the Fluids and Textures 
of Animal Bodies. — Of the Detection of Ammonia in the 
Expired Air. — Of Removing Stains from the Hands. 

114. Importance of Chemical Analysis In microscopical 
investleatlon. — Ry microscopical examination alone avc arc 
enabled very readily to distinguish with certainty the nature 
and origin of many substances ; but amorphous particles arc 
very often met with, the nature of Avhich it is impossible to 
ascertain by microscopical examination alone. In such cases, 
it is necessary to study the effect of certain reagents upon 
the doubtful substance, and thus ascertain its chemical com- 
position. Although hy the microscope we ean say that such 
a texture is granular, fibrous, opaque, perfectly clear, &c., w'C 
learn in such an examination nothing more of its nature. 
Since these appearances are manifested by several different 
materials, it is necessary to resort to a chemical examination 
to discover the nature of the substance to which the micro- 
scopical characters are due. If the composition of any body 
having well-defined microscopical characters has been once 
made out, by resorting simply to microscopical examination, 
we are enabled to recognize it whenever we meet with it 
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afterwards. Some bodies always produce well -recognized 
crystals wlicn treated with a certain chemical reagent, and 
we know that although there may be in nature other crystals 
of a different composition, but of precisely the same form, 
these latter could not be produced under the same circum- 
stances as the former ; hence in such a case we may feel as 
confident of the nature of the substance as if an ultimate 
analysis were made of it. 

In almost every branch of microscopical enquirj^ the 
greatest assistance is derived from the u#e of chemical 
reagents. 

By an acquaintance with the behaviour of certain sub- 
stances with particular chemical reagents, and the application 
of this knowledge to microscopical investigation, we arc often 
enabled to distinguish peculiarities 6f structure, to ascertain 
the chemical composition of minute quantities of matter, 
and to demonstrate clearly the CKistcnce of compounds in 
the animal frame with ^ the greatest certainty, which would 
entirely escape our observation if wc subjected them sepa- 
rately to the most careful chemical analysis, or to the most 
searching microscopical examination. 

The application of chemical analysis to microscopical 
investigation, and the examination of crystalline forms in the 
microscope, has thrown a new light upon the nature of many 
physiological changes which arc constantly taking place in 
organized bodies in health, and has enabled us to investigate 
more satisfactorily, the modifications which these processes 
undergo when influenced by circumstances interfering with or 
counteracting healthy actions. Such considerations cannot 
but be of the deepest interest to us as practitioners of 
medicine ; and in the various forms of disease which are 
constantly being brought under our notice, we have oppor- 
tunities of studying the course of morbid actions, which it is 
our duty to investigate and know more of in the hope that 
they may be modified, prevented, or cured. 

The laboratory is a most necessary adjunct to the dissect- 
ing-room, the museum, the post-mortem room, and the 

G 2 
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clinical wards of our hospitals ; and he who desires to aj)ply 
all the means at present at our disposal to unravel the 
mysteries of disease, to help him to form a correct diagnosis, 
or enable him to recommend the right course of treatment, 
will do well to make this i)articular branch of chemistry, 
with microscopical examination, essential parts of his studies. 

The works of Vogel, Schmidt, Scherer, Hoefle, and others, 
which have been published within the last ten or twelve 
years, have done much to advance this branch of inves- 
tigation ; while those of Golding Bird, Schwann, Robin and 
Vcrdcil, Lehmann, and Gorup-Bcsancz, and the excellent 
Atlas of plates by Dr. Funkc, show the vast importance 
which the combined methods of chemical and microscopical 
investigation are very fast assuming.* 

It is not within the compass of the present work to do 
more than refer to the general principle u])on which such 
examinations arc conducted, and to give examples of those 
processes which are of the greatest iipportancc to the student 
of medicine, and which he may be called upon to perform in 
the practice of his profession. 

As an instance of the great advantage of the apjdication 
of a few simple tests to microsco])ical investigation, I may 
refer to the diHcrcnt cfiects of ether u])on fat globules (which 
arc so commonly found in diffcrcut tissues) and crystalline 
bodies composed of phosphate or carbonate of lime, which 
sometimes resemble them so nearly in refractive properties. 


* “ Aiiloitunp; zuni (lobr. dos Mikroskopes ziir Zooeb. Anal. n. znr Micro- 
SFop. C/lH*nnscb. ITntt*rsiK*h/’ Dr. Julhis Voj^el, 1841. Cbcmisclic iind 
AlikroskojHsche Uiitorsiu*hiiufj:(‘n zi'ir Datboloj^ie,^* Dr. J. J. Seberor, lleidel- 
b<‘r<r, 18 1*3. “ Kiitwnrf’: t*im»r Allf?. UnttTsncliunfii^snietliode dor Siifte n. 

Exoridt* dos niiorisoboii Orpudsmus/’ Dr. Carl. Stlmiidt, ISlfi. “ Cheinie 
nnd Mikroski)]) am Krankoiibi^tte,” Dr. Haifle, 1850. Franz Simon’s “Animal 
C^bemistry*’* translatod by Dr. Day, for the Sydonlmm Society. Deoquerel 
and llodii'r’s “ Patbologrioal Cbcmistry,^’ tniiiHlated by Dr. S^ieer. Physio- 
lojijical Clionnstry,” Dr. Lobinaim, traiislaU*d by Dr. Day, Cavendish Society, 

1851. “ Atlas of Physiolojjical Chcniistry,” Dr. Otto Fuiikc, Cavendish Swiety, 

1852. ** Traite de Chemie Anatomique et Physiolo^ique,’^ Robin et Verdeib 

** Urinary Deposits,” Dr. (Joldiug IVird, new edition by Dr. Rirkett, 1857, 
Bowman's “ Medical Cheiuistry.” “ Aiileituug zur Zoochemischc Amilyse,” 
Gorup-Besaiiez. 
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in form, and in general appearance, as to have led to mistakes 
with reference to their nature. The application of a drop 
of ether lias no effect whatever upon the latter, but instantly 
dissolves the former. Sometimes the oil globule is covered 
with a membrane which prevents the action of ether upon it, 
in which case it is necessary to add a little acetic acid or a 
drop of solution of potash or soda, in order to dissolve the 
membrane, when the ether will at once act upon tire fat. 
Phosphate of lime is readily sohdilc in dilute acids, while 
fat is not acted upon by these reagents. Ntit unfrequcntly 
organic material is deposited with the phosphate of lime, so 
that it is necessary to allow the globules to soak for a few 
minutes in the reagent before concluding that it exerts no 
action upon them. By such siinjilc proceedings we are 
enabled at once to decide a very inqJortant question, and one 
wliieh has led to much discussion, in consequence of the 
solubility or insolubility of the globules in ether not having 
been clearly proved in certain instances, which have been 
hastily set down as eases of fatty degeneration. 

I'lie detection of the presence of mere traces of urea, 
uric acid, and other substances, in diffenuit tissues and fluids 
by the application of reagents, and snbseijnent microscopical 
('xaminatiou, will be referred to in the present chapter. 

On the Chemical and MicaoscoriCAi. Examination or Animal iSolids 

AND Fluids. 

Preliminary Operations. — In the first place we should 
note carefully the general characters which the substance 
exhibits; its form, colour, size, weight, hardnc.ss, &c.; and 
fluidity, transparency, tenacity, &c., in the case of liquids. 
Portions of solid textures, and the deposit from fluids must 
be subjected to microscopical examination, but their reaction 
should always be ascertained in the first instaiKH!. 

iis. Reaction. — The reaction of any moist substance is 
found out by testing it with a piece of blue and reddened 
litmus paper. If the matter be dry, or the reaction of a 
vajiour is to be tested, the paper must be first moistcnctl with 
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a drop of distilled water. The blue paper is reddened by 
a<Ads, and the red paper is turned blue by alkalies. The 
reddened litmus paper is prepared by adding a very small 
quantity of acetic acid to the infusion of litmus into which it 
is to be dipped. As the change of turmeric is only visible 
wlicn the alkaline reaction is very decided, it is not much 
employed in animal chemistry. 

If the acid reaction is due to the presence of carbonic 
acid, the blue colour will be restored upon gently warming 
the paper over a lamp upon a glass slide, or upon a warm 
plate. 

An alkaline reaction may depend upon the presence of 
volatile, or fixed alkali. The red colour is restored upon 
warming the paper which has been rendered blue by the 
presence of volatile alkali (ammonia or carbonate of ammonia), 
while it is not restored if the change is produced by the 
presence of a fixed alkali (potash, soda, or their carbonates, 
or an alkaline phosphate, &c.). 

ii«. spcciflc Cravity — Solids. — Tlie specific gravity of 
animal solids may be taken in two ways. 

First. By weighing in air, and afterwards in water, which 
is the process usually followed, and that which affords the 
most accurate results. The precautions necessary to be 
observed in carrying out this process wiU be found in Bow- 
man’s Practical Chemistry,” and other analytical works on 
chemistry. 

Secondly. The specific gravity of solids may be obtained 
by placing small portions in certain saline solutions, the 
specific gravity of which has been previously ascertained by 
experiment : this latter method has been employed lately for 
ascertaining the speeific gravity of the brain in different cases 
of disease.* 

The solutions are prepared in considerable quantities at a 


* Dr. Bucknill “ On the Specific Gravity of Cerebral Substance — (Lancet, 

1852). Dr. Sankoy in the ** British and Foreign Medico-Chirurgical ^‘view,” 
Jan. 1853, page 40. Dr. Aitken, Glasgow Medical Journal,'^ No, I., 1853, 
und ** The Science and Practic.e of Medicine,^* 481. 
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time, and kept in large bottles numbered Recording to the 
specific gravity of the fluid in each. The strong solution 
of the salt is first prepared, and this is diluted with such 
proportion of w ater as wull make several different mixtures, 
varying from 1030 to 1052. The specific gravity of the 
solutions may be ascertained by the specific gravity bottle, 
by the uriiiomctcr, or by the aid of the little glass bulbs, 
fig. 99. The specific gravity bottle affords the most. satis- 
factory results. 

Several glasses arc nearly filled wdth thew solutions from 
different bottles, and arranged in regular order. The piece 
of tissue is thrown into one, and, if it sinks, it must be 
placed in the fluid of the next higher specific gravity, and so 
on, until it neither sinks towards the bottom nor rises to the 
surface, when the s])ecific gravity marked upon the bottle 
will correspond to that of the substance itself, since a solid 
w ill displace an equal bulk of a solution which is of the same 
density as itself. 

The soluble substanbes employed for making the solutions 
may be sugar, various salts, glycerine, and other compounds, 
which do not exert any chemical action upon the tissue, 
whose specific gravity we wish to determine. Dr. Aitken 
reciommciids sulphate of magnesia, as the action of this salt 
on the cci'cbral tissue is very slight.* 

Specific Gravity — Liquids. 

First, By the converse of the last operation, namely, by 
jdacing little glass bulbs, the specific gravity of which is 

Fipr.^9. 



Little Glass Bulbs, which indicate the specific gravity of fluids. 

marked upon them, fig. 99, into the solution, the density 
of which we wish to know, \mtil one is found which neither 
sinks nor swims. This will indicate the specific gravity 


* Vid^ parapT^ph on the Brain, chapter vi. 
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of the fluid. Tliis method is not so correct, nor so easily 
applicable to pfoncral purposes as the two following. 

Secondly, by the hydrometer or urinometer. The number 
viR. 100 . which is on a line with the surface of the 

** fluid, when the instrument comes to rest, 
indicates its specific gravity. This method 
is tolerably correct, if the observer is careful 
to obtain the best instruments; but many 
which I have examined, indicated a specific 
gravity eight or ten degrees from the truth. 
The hydrometer or urinometer should always 
be tested by the specific gravity bottle. It 
iiviHnnatirs. A. an may bc remarked that the degrees marked 

imjicrfcct instiuiiiutii, - , , iii i***!* 

ill which the lie^rrcis upoii thc stem slioiild gradually diminish in 

dwidcfr* Tt! a length, from above, downwards, fig. 100. 

Hlruniejit. in which ^ 

tiiey graihniiiy diniiri- it tlicy are cqual, as in A, the instru- 

i»h l‘rop\ tihove down- , , 

w'nrda, to countitriici ment may at once be iironounced as incor- 

the increitaed pressiirt; , , 

when much c.f (he rcct, witliout rcsortiug to an experiment. 

Hfein is uhovr the sur- • 

face of the liquid. The dcgrces at thc lower part of thc stem 
should be less than those near the top, as shown in b. Thc 
tiecessity of this inequality in the degrees will he rendered 
>'ig 102 . evident by referring to the 
figures in the margin. In 
fig. 101, representing a dense 
fluid, the stem is of course 
almost entirely above thc sur- 
face of thc liquid, but in fig. 
102, a fluid, but little lieavier 
than water, only a very small 
jiiece of the stem rises above 
thc surface. Now, in the first 
figure, the greater weight of 
stem above the surface of the 
fluid, tends to press down the 
bulb with greater force than 




Tlu'sc liffiires show the different positions 
of lh<* I'nuoincliT in tluida of high (lig. 101) 
uud low specific gravity (fig. 102). 


the small portion exposed in 
fig. 102. Hence it is neces- 


sary that this should he allowed for in graduating thc instru- 
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mcnt, and the degrees at the lower part of the scale must he 
sljortcr than those at its upper iiart. 

Thirdly, by the specific yravity bottle, which consists of a 
small glass flask. When quite dry, it is accurately counter- 
poised in a delicate balance, filled up to a certain point with 
distilled water, and weighed. The distilled water is then 
poured out, and it is filled up to the same jioiut exactly with 
the li(]uid to be tested, and again weighed. The specific 
gravity is then readily calculated from these data. 

Some bottles arc made to hold exactly one thousand, five 
hundred, two hundred and fifty, or one hundred grains of dis- 
tilled water, and arc provided with a j,. 

])erforated stopper, through which the 
exiress of fluid csca])es, after the bottle 
has been filled, care being taken not4o 
include air-bubbles, fig. 103. The out- 
side of the Ijottlc is wiped dry, and the 


whole 


weighed. 


The weight shows the 



Spfcilir (imvily witli 

fnliiilatcd and roimliT- 


specific {gravity at oiicc, ujKm deduct- 
ing tlic Mciglit of the tliousand-f^rain 
bottle; or, when a fivc-hundred-^rain 
bottle is employed, the amount only recpiires to be doubled. 
If the bottle holds two hundred and fifty <*;rains, the wt'ifi^ht 
must be multi])lied by four, and so on. 

118 . IB vapor at Ion and iiryinf?. — The evaporation of animal 
fluids, and the dcsiceation of animal solids, must always be 
conducted over a Avater-batli, otherwise there i i-;. ku. 

is great danger of decomposition occurring. 

For o])crations upon small quantities, the 
water- bath represented in fig. 104 will 
sutfiee, or the cans of the injecting a])pa- 
ratus, fig. 59, may be removed, and basins 
j)laced over the holes. A very simple form of water-bath is 
made by jdaeing a small porcelain basin with a little w^atcr 
ill it over the lam[), and upon the first basin, a second 
containing the substance to be evaporated, fig. 28. 

In endeavouring to obtain crystals of organic substances. 



Small Watnr-lmtli with 
basin. 
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it is always advantageous to evaporate the solution over the 
surface of sulphuric acid under a bell-jar, or, what is better 
still, in vacuo. In some instances, the eva- 
poration may he conducted by simply ex- 
posing the liquid placed in a basin or watch- 
glass, and covered lightly with paper, to the 
air ; or, where very slow evaporation is 
necessary, the watch-glass may he covered 
over with a bell-glass. "When quantitative 
analysis is to be performed, much greater 
care must he observed in the process of dry- 
ing, which must be conducted in vacuo over sulphuric acid. 
Drying is one of the most important and difficult operations 
to be performed in physiological chemistrJ^ 

ii». Incineration. — By incinerating a small portion of any 
organic substance, uj)on a piece of platinum foil, or in a 
])latinum or porcelain crucible, we arc enabled to ascertain 
whether it contains inorganic salts, or consists entirely 
of organic matter, in which case the substance leaves only a 
black residue, which burns off entirely after a short time. 
In order to obtain the inorganic constituents perfectly free 
from carbon, it is sometimes necessary to keep the mass, for 
a considerable time, at a dull red heat. The addition of a 
drop of nitric acid, causes the rapid oxidation of the carbon. 
If the temperature be too high, the process is often much 
retarded, in consequence of the fusion of some of the salts, 
as the phosphates and chlorides, and the inclusion of small 
masses of carbon, which are thus protected from the action 
of the atmosphere. 

The platinum basin or foil may be supported over the 
lamp upon a piece of wire, bent in the form of a triangle, or 
upon one of the small rings attached to the spirit-lamp, 
fig. 26. It may be removed from the lamp with the aid 
of an old pair of forceps. 


Fig. 105. 



RinpB* for Wafer- 
batli, wlicii very sinall 
huHiiiH or \vnte)i-(clasHua 
are eniployi'd. These 
may he obtained of 
any Bizc. 


Appahatvs. 

120. The chemical apparatus which is necessary in the 
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course of microscopical investigation is very simple, and the 
greater number of instruments have already been referred 
to. The following arc among the most important pieces 
of apparatus; — 

A few conical glasses of diflFerent sizes, § lOl. Apparatus 
for taking specific gravities, §§ 116, 117. Test-tubes of 
various sizes, arranged on a stand, fig. 71. Spirit-lamps, 
with various supports, fig. 25, or, where gas is laid ou, the 
gas-lamp, fig. 19. Small porcelain basins, watch-glasses; a 
simple water- bath, fig. 10 1, or the injecting can, fig. 59, may 
be used, if several evajjorations are to be conducted at once. 
A small platinum capsule, a strip of platinum foil, a blow- 
pipe, pipettes, figs. 66, 67, and glass stirring rods, with a box 
of reagents in small bottles, fig. 110, and test papers, complete 
the apparatus. All these may be obtained, packed in a box 
of convenient size. 

121. Mlcroscofie for fixamlnlniip SubKtances linmersed In 
Acids and Corrosive Fluids. — In examining preparations wdiieh 
require to be immersed *in strong acid, in the ordinary micro- 
scope, it is not easy to prevent the fumes from injuring the 
brass work of the instrument, (considerable inconvenience 
is also experienced in examining fluids while hot, in con- 
sequence of the vapour which rises, condensing on the object- 
glass, and rendering the object invisible. 

These inconveniences are entirely obviated by the inge- 
nious microscope invented some years ago by Dr. Lawrence 
Smith, of Louisville, United States. This was made by 
M. Nachet, of Paris, and has been described as NachePs 
chemical microscope.* 

The inverted chemical microscope is represented in 
fig. 106, in which also the form and position of the prism 
are shown. 

By this arrangement the objeet-glass is always kept 


• In the flret edition of tliis work I mneh regret having inadvertently 
omitted Dr. Smith s name aa the inventor of this instrument. To him is 
certainly due the merit of its invention. Dr. Smith’s paper on the subject, will 
be found in the “ American Journal of Science,” second series, Vol. xiv., 1852. 



92 


THE MICROSCOPE IN CLINICAL INVESTIGATION. 


perfectly clear, while of course the definition of objects is 
not in any way interfered with. In order to adapt this 
instrument to drawing the outline of objects with the glass 

Fig. 106. 



Inverted Microscope of Pr. Lawrence Smith, a. Tube of microscope, with cyc-piece. 
ft. Objert-iflnss on a box which contHiiis a prism resembling tliat marked //. c. Stage, with slide 
upon it. d. Support on which polarizing apparatus, or condenser, may be pluceU e. Mirror. 
f. Screw, which elevates or depresses the stage in focussing, g. Priam, showing the direction 
in which the rays of light passing through it are refracted, h. Position of achfoinalic object- 
glass. 

reflector, § 76, it would only be necessary to have the body 
fixed at a right angle with the axis of the object-glass. A 
small mirror, arranged at an angle of 45°, might be sub- 
stituted for a prism. 

1X2. Of Examining Substances which require a High 
Temperature for Observation. — By placing a brass plate upon 
the stage of the instrument just described, and allowing one 
end to project over the edge, so that it may be conveniently 
heated by a spirit-lamp, any substance may be kept warm 
upon a glass slide, while being subjected to microscopical 
examination. AVhen a high temperature is necessary, I have 
adopted the plan represented in fig. 107. A square copper 
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tube is arranged to lie flat upon the stage of the microscope. 
A spirit-lamp is placed at its lower opening, while the heated 
air escapes from the upper end. At that part where the 

Fig. 107. 



Apparatus for exaraining objects while exposed to the action of a liigh temperature. The 
chiniiie^ through which the heated air passes, is made of thin copper, without being soldered, 
liuth sides arc nerforuted, tliu lower one being tilled up with a piece of glass, while over the 
upper opening, tlie slide w ith the object is placed. 

glass slide is to be placed, the lower wall of the tube is 
composed of glass, while at the upper part is an opening 
which allows the heated air to come into actual contact with 
the glass slide. 

Reagerts. 

The reagents necessary arc not very numerous; they 
should be perfectly pure. Of the greater number only very 
little is required; but of alcohol, ether, and one or two 
others, it is necessary to have a moderate quantity. 

The reagents should be kept in stoppered bottles of about 
the capacity of two ounces. 

iss. Alcohol. — Alcohol of different strengths will be 
required for the purpose of dissolving certain substances, 
and for separating them from other constituents, which are 
insoluble in this reagent. 
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Alcohol should always be diluted with distilled water, and 
it is better to prepare a considerable quantity at a time. It 
is convenient to have two or three bottles which will hold 
about two quarts each. The strength of each should be 
written upon a label attached to the bottle. 

The importance of alcohol, as a preservative solution, has 
been already referred to. 

Within the last few years, the Government has permitted 
the use of methylated alcohol, which pays no duty. It may 
only be used "for various purposes in the arts, chemical 
processes, &c. It answers admirably for preserving anato- 
mical preparations, and is a great boon to all engaged in 
putting up large specimens. Any person wishing to use this 
alcohol, must in the first instance make application to the 
Board of Inland Rcventie, Somerset House, for permission. 
Ilis aj)plication must be accompanied with the names of two 
respectable householders, who are willing to serve as bond 
that the a])plicant only uses the spirit for the purposes stated 
in his application. The probable quantity required annually 
must also be mentioned. It may be obtained at the price 
of 5s. Gd. per gallon, sixty degrees over proof, of Messrs. 
Lightly and Simon, and of other distillers, in quantities 
of not less than ten gallons at a time. 

124. Ether. — An ouiice or two of ether will be quite 
sufficient for microscoj)ical purposes. It should be kept in a 
stoppered bottle, provided with a glass cap, to prevent loss by 
evaporation. A little should also be kept in one of the 
small glass bottles with capillary orifices, § 138, for the con- 
venience of applying to cells containing highly refracting 
globules, resembling oil, &c., under the microscope. 

125. Nitric Acid should be kept of two different degrees 
of concentration : one the strongest that can be procured, 
and another containing about twenty per cent, of the strong 
acid. This last is the acid most used by the microscopist, 
especially in separating muscular fibre cells. It is prepared 
by mixing one part of the strong commercial acid with five 
parts of distilled water. 
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120 . suipiiuric Acid is sometimes required undiluted^ but 
a small bottle of diluted acid (one of acid to five of water) 
should also be at hand. The pure colourless acid should 
always be procured ; — ^it is to be purchased for about Is. 6d. 
a pound, but only very small quantities are required. 

127 . Hydrochloric Acid may be obtained perfectly colour- 
less. It may be kept in the pure state and diluted as 
required. 

128. Acetic Acid. — Two specimens of acetic acid will be 
found convenient. One, a solution of the ‘strongest acid 
which can be procured ; the other, containing about twenty 
per cent. This is prepared by dissohnng one part of the 
strongest liquid acid, or of the pure ylacial acetic acid in 
five of water. The glacial acetic acid is now commonly 
employed for photographical purposes, and can, therefore, be 
very readily obtaijied. 

120 . Chromic Acid is usually required very dilute. For 
the purpose of hardening tissues, a watery solution of a 
straw colour will be found strong enough. It is easily 
prepared by dissolving a little of the crystallized chromic 
acid in distilled water. 

The crystallized acid may be prepared by decomposing 
100 measures of a saturated solution of bichromate of 
potassa, by the addition of 120 to 150 measures of pure 
concentrated sulphuric acid. As the mixture becomes cool, 
crystals of chromic acid are deposited, which should be dried 
and well pressed on a porous tile, by which means the 
greater part of the sulphuric acid is removed, and the 
crystals obtained nearly pure. 

ISO. Solution of Potash should be kept of two or three 
different degrees of strength. One, the strongest which can 
be obtained ; another, made by mixing one part of the strong 
acid with three or four of water ; and a solution consisting 
of one part of liquor potassse to eight or ten of water, will 
be found of a useful strength for the examination of many 
preparations. 

isi. Solution of Soda is generally required very dilute. 
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It may be made by mixing one part of the strong solution 
of the shops with five or six of water; but this, for many 
purposes, will require to be stiU further diluted. Or, about 
twenty-five grains of the fused soda may be dissolved in an 
ounee of distilled water. 

132. Ammonia. — Solution of ammonia, made by mixing 
one part of the strongest li«juor ammoniaj with three of 
water, will be found sufficiently strong for all the purposes 
for which this reagent will be required. 

133. Nitrate of Barytcm. — A cold saturated solution of the 
salt forms a test solution of convenient strength. It should 
be filtered before use. A solution of nitrate of barytes is 
employed as a test for sulphuric and phosphoric acids. The 
})recipitatcd sulphate of baryta being insoluble both in acids 
and alkalies ; while ttic phosphate of baryta is readily 
soluble in acids, but insoluble in ammonia. 

134. Nitrate of Stiver. — A solution of nitrate of silver is 
prepared by dissolving one hundred and twenty grains of the 
crystallized nitrate in two ounces of distilled water, and 
filtering if necessary. Nitrate of silver is employed as a 
test for chlorides and phosphates. The white precipitate 
of chloride of silver is soluble in ammonia, but insoluble in 
nitric acid. The yellow precipitate of tribasic phosphate 
of silver is soluble in excess of ammonia, as well as in excess 
of nitric acid. 

133. Oxalate of Ammonia. — Some crystals may be dis- 
solved in distilled water, and, after allowing time for the 
solution to become saturated, it may be filtered. 

Oxalate of ammonia is used as a test for salts of lime. 
Oxalate of bme is insoluble in alkalies and in acetic acid, 
but soluble in the strong mineral acids. In testing an 
insoluble deposit for lime, it may be dissolved, in nitric acid 
and excess of ammonia added; the flocculent precipitate is 
readily dissolved by excess of acetic acid, and to this solution 
the oxalate of ammonia may be added. The precipitation 
of oxalate of lime is favoured by the application of heat. 
Many deposits of phosphate are with great difficulty soluble 
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in acetic acid, hence the necessity of first adding nitric acid, 
as above directed. 

13 «. Iodine soitiiioii.«i. — All aquoous solution is easily pre- 
pared, by dissolving a few grains of iodine in some distilled 
water, until it acquires a brownish-yellow colour. A solution 
of iodine is sometimes useful for colouring certain substances 
which are so transparent as to be scarcely distinguishable 
upon microscopical examination. In the examination of 
many such structures, great assistance will be obtained from 
the use of coloured solutions ; for delicate tcitiircs, like the 
cell wall and basement membrane, &c., can be better distin- 
guished W'hen a faint tint is communicated to them, than 
when perfectly colourless. A very dilute solution of carmine 
and ammonia is the best fluid for this ])urpose. It is curious, 
that in some instances the nucleus •iibsorbs a much greater 
(piantity of the colouring matter than other parts of the 
cell.* AVhen a membrane is to be made more distinct, it 
may be immersed in a little Prussian blue fluid, the minute 
partic^lcs of which adhere to it, and enable us to trace its 
outline clearly. 

A darker solution of iodine may be obtained by employ- 
ing a solution of iodide of potassium to dissolve the iodine 
(one grain of iodine and three grains of iodide of potassium, 
to one ounce of distilled water). For testing bodies suspected 
to consist of starch, the following solution is recommended 
by Professor Schultz. Zinc is dissolved in hydrochloric acid; 
— the solution is permitted to evaporate in contact with 
metallic zinc until it attains the thickness of a syrup ; and 
tlic syrup is then saturated with iodide of potassium. The 
iodine is next added, and the solution, if necessary, is diluted 
with water. Professor Busk gives the following directions 
for preparing this solution ; one ounce of fused chloride 
of zinc is to be dissolved in about half an ounce of water, 
and to the solution (which amounts to about an ounce fluid 

* This plan was ori^nnally employed by Welcker, but it hjw also been 
adopted by Gerlach and Dr. Harley, in certain investiirations. — “ Henle iind 
Pfeiider’s Zeitsebrift," V(»l. viii., pu^e 2S0. 

H 
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measure), three grains of iodine dissolved, with the aid 
of six grains of iodide of potassium, in the smallest possible 
quantity of water, arc to be added.* I have employed a solu- 
tion prepared in this manner, and can speak very highly of 
its utility. In making it, it is necessary not to fuse the 
chloride of zinc much, or to use a very high temperature, as 
decomposition is very apt to take place. In testing starch 
with this solution, it is advisable to add a very little water, as 
the solution frequently will not act in its concentrated form. 

Method op AppiiTiNO Tests to Substances intended pob 
Micboscopioad Examination. 

lat. Tests kept In Glass Bottles. — ^Thc matter to be tested 
may be placed upon a" glass slide, and, if necessary, a drop 
of water added, to moisten or dissolve it, as the case may be. 

In these operations wc usually require only a small drop 
of a solution, and it w'ill be found most convenient, in apply- 
ing it to the object, to take a drop from the bottle by dip- 
ping a stirring-rod into it, and withdraAving it immediately. 
Enough will be found adhering to the stirring-rod for the 
purpose required. The rod should not be dipped in a second 
time, without being first well washed in water, — for if this 
be not scrupulously attended to, there is great danger of 
conveying some of the substance intended for examination 
into the test bottle, in which case the whole contents would 
be spoiled. 

Without great care in all our manipulations, there will 
be much danger of removing a portion of one substance 
from a glass slide and carrying it to a deposit which is 
subsequently examined ; — a result which might lead to great 
inconvenience and very serious mistakes. Claws of echi- 
nococci, and other minute bodies, in themselves highly cha- 
racteristic, may thus be transported, and find their w^ay into 
deposits in which we should not expect their presence ; and 

^ Busk on “ Starcb Granules.” — (Transactions of the Microscopical Society, 
new series, Vol. i., page 67). 
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from such an accident we might be led to infer, %'crj' erro- 
neously, the existence of hydatids, although the presence 
of the claws of the echinococci really resulted from accident. 
Accidents of this kind can always be avoided, by not allow- 
ing the drop of the reagent to touch the deposit until the 
rod has been removed. This can be effected by placing the 
drop near the substance intended for examination, and tljcn 
allowing it to come in contact with it, either by inclining 
the glass slide, or by leading it with a glass rod, to the 
matter to be tested. Without the greatest attention to 
cl{‘anlincss, the microscopical observer will be constantly 
led into error, and thereby bring discredit upon himself and 
upon the science. 

Nothing is more common than to fiml a specimen which 
we arc examining in tbe microscope covered with a vast 
number of starch granules, which have been introduced from 
without. I’sually they are derived from the squares of thin 
glass which arc commonly kept in a little starch i)owdcr to 
l)revent fracture. 

An intimate friend showed me one day some microscopic 
preparations which contained bodies of the nature and origin 
of which he was not aware. Upon examining the slide, 
1 found a number of scales from the wing of a moth, which 
had no doubt been floating about in the air and had fallen 
upon the preparations. Uor all such delicate operations, 
the specimens should be carefully protected by glass 
shades. 

138. Tests kept In Class Bulbs with Capillary Orifices. — By 

far the most convenient method with which I am acquainted, 
of applying chemical reagents to minute quantities of matter, 
consists in allowing a drop to issue from a small glass vessel, 
having a capillary orifice, by which means a quantity even 
much less than a single drop can be readily obtained, while 
there is no danger of any portion of the preparation being 
introduced into the test solution. 

ith this view a small bulb, about an inch in diameter, 
was blown at one end of a piece of glass tube, the other 

II 2 
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being drawn out to a moderately fine capillary point, and a 
small cap, made either of glass or gutta percha, was adapted 
to the end, fig. 108. These bulbs were easily filled, by 
expanding the air v'ithin them, by the heat of a spirit-lamp, 
and then inverting them in a small vessel containing the 
solution which was to be introduced. As the bulb cooled. 


Fip. 1 ( 18 . 



Bull), with capillary 
orifice, for testiiifj: small 
quantities of iimtter. 


Fig. 109. 



Small Tube, with 
capillary orifice. 


the liquid rushed into it, to supply the place of the previously 
expanded air. A small bubble of air should, however, be 
retained in the bulb, by the expansion of which some of the 
fluid can afterwards be expelled by the heat of the hand 
when the bulb is inverted. The bulbs containing the strong 
acids and alkalies should be furnished with glass caps, but 
gutta percha will be suflScient for the other tests. When it 
is required to expel a drop of the solution, the bulb is taken 
in the hand, and the air in the interior being expanded 
by the warmth, a small quantity of the solution is forced 
out. 

Mr. Highley has had some small bottles made of the 
form shown in the accompanying figure, fig. 109. These 
are capped with glass, and as the bottom is flat, they stand 
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very well. They are fitted up in small eases, and will be 
found exceedingly convenient to the microscopical observer, 
fig* 110. It is better to have the cap made of a conical 
shape, corresponding to that of the end of the rig. n Da. 


bottle, otherwise a little of the fluid is liable to 
collect between the cap and the neck, which runs 
down the sides when the cap is removed. They 
may be obtained of Mr. Matthews. 

It will be convenient to keep small quantities 
of the test solutions, in most frequent use, in, the 
small capillary tubes or bulbs just described. A 
small box containing twelve bulbs will be quite 


rig. u(». 



rt 
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Pipette ser- 
vinji; us the stoji- 
pertotlip bottle. 
a. Vulcanised 
India - rubber, 


Small llo.v coiitiiiiiiu" twelve reagents in lube.s with capillary orifices, l>y . pressing 
for testing small quaiititics of matter. which, fluid may 

be expelled 

^ , from the tube. 

suliiciciit for all ortlmary purposes, ror the Ground to fit 

, the neck of the 

examination of the urine, not more than six or ori- 

^ ficc. 


seven will be necessary. 


130. Capillary Tubes wltb India-rubber tied over the Top. 

— Dr. Lawrence Smith, of Louisiana, recommends that the 
tests should be kept in bottles of two ounce capacity, and 
instead of a stopper, he inserts a tube in the form of a 
pipette, the upper open end being covered with a piece of 
vulcanised India-rubber, fig. 110a. By pressing this while 
the lower end is beneath the fluid, a portion of the air is 
of course driven out, and a little fluid rushes in to supply its 
place as soon as the pressure is removed. The tube may 
then be removed from the bottle, and by again pressing the 
India-rubber, a drop, or a portion of a drop, is very readily 
expelled. 
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140. Application of the Reasrent to Minute Quantities of 
Matter. — With the aid of the bulbs just referred to, the most 
minute traces of different substances may be readily detected. 
Tlie solution of the substance, consisting perhaps of only 
one drop, is placed upon a glass slide. This drop may be 
very readily divided into four or five smaller drops, if neces- 
sary, to each of which a separate test may be applied. For 
instance, suppose we have a minute quantity of the ash of an 
animal tissue, or of the solid residue of an animal fluid, to 
examine, and we wish to ascertain if it contains carbonates, 
sulphates, chlorides, and phosphates, and whether phosphate 
of lime and magnesia arc present, we may proceed as 
follows : — the portion of ash, which may, perhaps, be half 
the size of a pin^s head, or even less, is removed from the 
platinum foil, upon which it has been ignited in order to 
remove organic matter, and placed upon a glass slide. It is 
moistened with the smallest quantity of water, and then 
treated with a minute drop of nitric acid. If effervescence 
takes place, a carbonate is present. The acid solution is 
then divided into three portions, with the aid of a small 
stirring-rod, and the solutions, tested as follows : — 

1st portion. — If a drop of a solution of nitrate of silver 
gives a cloudy precipitate, chlorides are present. 

2ud portion. — If nitrate of barytes produces a white pre- 
cii)itatc in the acid solution, sulphates are present. Upon 
the addition of excess of ammonia, the ])rccipitatc produced 
by nitrate of barytes will be increased, if phosphates exist in 
the solution. The precipitate of phosphate of baryta is 
flocculent, and readily distinguishable from that of sulphate 
of baryta (which is dense and granular), by its solubility in 
acids. 

3rd portion, — If lime or magnesia be present, in the 
form of phosphate, a precipitate will be produced upon 
adding excess of ammonia to the nitric acid solution. The 
mixture may be stirred a little, with a piece of glass rod or 
platinum Mire, and then allowed to stand for some time. 
Tlie thin glass cover, is now applied, and the precipitate sub- 
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jccted to microscopical examination. Phosphate of lime 
occurs as a granular amorphous sediment, while the ammo- 
niaco- magnesian, or triple phosphate, is usually found crystal- 
lized in a beautiful stellar form,* or as minute prismatic 
crystals. 

141. Testing for Carbonates. — As carbonates are often 
present in very minute quantity in the ash of organic 
substances, a slight modification of the plan above, given 
may be pursued, and the smallest traces detected. If only a 
few bubbles of carbonic acid arc given off lyion the apjdica- 
tion of the acid to the substance, or if, in consequence of 
the solubility of the carbonate present, they arc evolved very 
rapidly, they frequently elude observation. 

In testing for minute traces of carbonates, we may pro- 
ceed as follows : — The portion of jish, deposit, or tissue (as 
the ease m.ay be), is placed upon a glass slide, and lightly 
covered with a piece of thin glass. A minute drop of nitric 
or acetic acid, not too strong, is then alloAved to escape from 
OTU^ of the bulbs. This is drawn by capillary attraction 
between the glasses, and soon comes into contact with the 
substance to be tested. Any bubbles which may be given 
off are thus confined, and they may generally be seen clearly 
enough. In some instances, however, advantage is derived 
from subjecting the specimen to microscojneal examination, 
ivlien the formation of the gas can be seen; and the bubbles 
set free cannot possibly be mistaken for air-bubbles, which 
had been included in the interstices of the tissue previously, 
and afterwards expelled upon the addition of the fluid, 
because they may be seen to increase gradually in size and 
number, as the action of the acid continues. In testing for 
carbonates, the possibility of this occurrence, however, must 
always be borne in mind, and the fallacy carefully guarded 
against. 

Sometimes in testing a deposit for carbonates, the effer- 
vescence which is produced upon the addition of the acid. 


* HUwtnitions of Urine, Urinary Deposits, and Cidcnli, Plate IX., fig, 2, 
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depends upon a little carbonate of ammonia being dissolved 
in the fluid. We must be careful to ascertain, in the first 
instance, if the fluid be free from a soluble carbonate, in 
which case we may conclude the eflervesccnce is caused by 
the action of the acid on the insoluble particles. 

Effects of Reagents upon Animal Steuctttees. 

14*. EATcetH of Acids. — The effects of the application of 
cold strong acids to animal textures are very variable ; in 
some instances the tissue is completely destroyed, while in 
others scarcely any effect seems to be produced. The mineral 
acids generally coagulate albuminous tissues, and render 
their microscopical characters confused and indistinct. Tri- 
basic phosphoric acid, however, is an exception to this state- 
ment. Acetic acid dissolves many of the substances allied 
to albumen. 

The appearance of some structures is scarcely altered by 
the application of a strong acid ; for instance, the blood cor- 
puscles shrink a little, but exhibit their usual form and general 
character for some time after the addition of strong nitric acid, 
and the cells of the epidermis and nail, although turned of a 
yellow colour, arc not destroyed ; the latter arc separated 
somewhat from each other, but their outline is often made 
beautifully distinct. Most of the mineral constituents of the 
body, insoluble in water, are directly dissolved by the acids. 

14». Acetic Aciu.— Acetic acid is one of the most useful 
reagents to the microscopical observer. It has the property 
of dissohdng granular matter composed of an albuminous 
material, and causes the cell wall to become very transparent, 
although it often renders the nucleus darker and more dis- 
tinct. Ill many instances the action of the acid upon the cell 
wall depends partly upon endosmosis; the cell becomes much 
larger, and the wall more pulpy and thicker, and approaches 
more nearly in density and refracting power to the solu- 
tion in which it is immersed. In numerous instances, 
by adding a saline solution to cells which have been pre- 
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viously rendered transparent by acetic acid, they again con- 
tract, and the outline becomes distinct. In some cases, 
however, the cell wall is actually dissolved by the acid, and 
its contents set free. Acetic acid will be required of various 
strengths, the most useful proportion being one part of the 
strong acid to three or five of water. Acetic acid is very 
frequently used to make epithelial structures transparent, 
in order that the arrangement of the minute vessels and 
nerves in papillaj, &c., may be demonstrated, as in the case 
of the tongue, skin, &c. Sections of preparations which 
have been hardened by maceration in alcohol, often require 
boiling slightly in acetic acid before they can be rendered 
transparent. The action of acetic acid on white fibrous 
tissue is very characteristic, as it converts it into a trans- 
parent jelly-like mass, in which ^ few nuclei arc visible. 
Upon the yellow clement, on the other hand, this reagent 
exerts no action whatever. 

The action of acetic acid upon pus-globules is discussed 
in a subsequent chapter. 

Acetic acid may also be employed for testing crj'stallinc 
bodies as phosphates and carbonates. It distinguishes phos- 
phate or carbonate of lime from oxalate of lime (all of which 
are insoluble in water), by dissolving the two former, while 
it docs not affect the latter even if boiled with it. 

The action of acetic acid upon any particular tissue, upon 
any form of cells, fibres, &c., that are subjected to examina- 
tion, should always be specially noted. Many tissues are 
quite insoluble in acetic acid, •though they are not rendered 
opaque by it. 

144. niiute Nitric Acid is much employed in microsco- 
pical research. — An acid composed of one part of acid to 
two or three of water, forms a good solution for hardening 
some structures, previous to cutting thin sections. The thin 
sections may sometimes be rendered very transparent by 
being treated afterwards with dilute caustic soda. For 
demonstrating muscular fibre-cells, nitric acid is a valuable 
reagent. For this purpose the solution should contain about 
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twenty per cent, of strong acid, and the muscular fibre 
should he allowed to macerate in it for some days, when 
small pieces may be removed, with scissars, and after being 
carefully torn up with fine needles, subjected to examination. 

When we wish to obtain portions of glandular structure 
isolated from each other, it is a good plan to soak the tissue 
for some days in dilute nitric acid (one part of acid to six or 
seven of water), when the areolar tissue becomes softened, 
and at the same time the gland structure is rendered more 
firm, and may be isolated very readily with the aid of needles. 
In this manner the gastric glands, the secreting follicles 
of the pancreas, and salivary glands may often be very satis- 
factorily demonstrated. The so-called fibre cells of organic 
muscles arc to be isolated in the same way. 

liy boiling animal tissues in strong nitric acid, they 
become destroyed, while any siliceous constituents remain 
behind unaltered. In this manner, the siliceous skeletons 
of the Dialomaceat may be separated from any organic matter 
with wdiich they may be combined. -Tliis is one of the pro- 
cesses employed for obtaining these beautiful objects, from 
guano. 

14S. Sliiliilitirlc Acid. — HydrocMorlc Acid. The pure COn- 

ccntrjited acids only should be used for microscojiical inves- 
tigation. They may be obtained at most of the operative 
chemists. 

Concentrated sulphuric acid causes epidermic structures 
to s-wcll up very much, and the cells to separate from each 
other so as to be readily isohited. Boiling acid completely 
dissolves them. In the examination of hair, strong sul- 
phuric acid will be found to render the outline of the cells 
very distinct. 

IlydroclJoric acid is usually employed for dissolving out 
the mineral constituents of certain tissues, such as bone or 
teeth. As a rule, it is better to use dilute acid (one of acid 
to tliree or four of water), in which case, however, a longer 
time must of course be allowed, than when the acid is 
concentrated. 
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i4e. Effects of Alkalies. — ^The action of alkfilies, even 
■when cold in a very dilute state, is to dissolve most animal 
textures. Cell-membranes are frequently almost instantly 
dissolved, while the nucleus appears to be altered hut slightly. 

Alkalies are also employed for dissolving certain crystal- 
line substances which are occasionally found in animal tissues, 
such, for instance, as deposits of alkaline urates, which arc 
not unfrequently met with in the form of considerable 
dcj)osits in the tissues of gouty persons. 

147 . Potash ahd Soda. — The action of {potash and soda 
upon animal structures is very similar. Both dissolve sub- 
stances of an albuminous nature, but the effect of soda is 
more gradual, and it has been found that for most purposes 
in microscopical research, this reagent possesses advantages 
over potash. 

The solution of potash is the ordinary liquor potass<B of 
the pharmacopoeia, and the solution of soda is prepared in the 
same manner. These solutions may be diluted with water to 
the required strength. Potash and soda arc employed where 
a tissue is to be rendered more transparent for the purpose of 
demonstrating the arrangement of the nerves or other ana- 
tomical elements not soluble in this reagent. Soda is more 
cmjdoyed than potash, for although it renders tissues perfectly 
transparent, it does not dissolve them so readily as the latter. 

These reagents dissolve the layer of ei)ithelium covering 
mucous membranes, or render it perfectly transparent, so 
that the arrangement of the structures beneath the basement 
membrane can be easily demonstrated. In investigating the 
termination of the nerves and vessels in papillae and other 
structures, they are very valuable, especially the latter. 

For the purpose above mentioned, the alkalies should be 
diluted with water. The changes are expedited by the 
application of heat, which, however, must not be too great, 
for fear of complete solution taking jdacc. Where the 
structures are hard and dry, they may be warmed with the 
reagent in an ordinary test tube, a plan which is much 
recommended by Kblliker. 
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Carbonates of Potash and Soda . — Some animal textures 
become hardened by prolonged maceration in carbonate 
of potash, but this plan docs not appear to be so generally 
useful as others previously indicated. Epidermic structures 
are not much altered by these salts. Gurlt recommends 
skin to be hardened in solution of carbonate of potash for 
the examination of the sweat ducts. 

The introduction of different chemical solutions by injec- 
tion, has been discussed in page 73. I strongly recommend 
this plan of subjecting the tissue to the actibn of the reagent. 

Op obtaining Cbtstabbine Substances feom the Fluids and 
Textx'iies op Animal lioDiES. 

Under this head it is proposed to give a sketch of a few 
of the simplest plans of obtaining various crystalline bodies 
from animal solids and fluids. It is, however, inconsistent 
with the plan of this work, to attempt more than to allude 
to a few of the most important ; and, for further information, 
the student is referred to the works enumerated in the note,* 
and to the third volume of Dr. Miller’s “ Elements of 
Chemistry.” 

148 . Formation of Crystals In Animal Fluids. — Some crys- 
talline bodies are deposited from tbeir solution in animal 
fluids by simple evaporation; others, less soluble, may be 
d(‘positcd by allowing the fluid to stand still for a short time, 
when certain changes occur in some of its constituents, 
which lead to the precipitation of some bodies in a crystal- 
line form, such, for instance, as uric acid, or crystals of triidc 
phosphate. In other cases it becomes necessary to add some 
reagent before the crystals arc thrown down, while not 
unfrcqucntly a long and often complicated chemical analysis 
is required, in order to isolate some of the substances which 
were previously held in solution, and obtain them in a crys- 

* “ Leliiiiaiin’s Pliysiulogioal Chemistry/* translated for the Cavendish 
Society ; Gorup-Bcsanez’ Anleitung: zur Zoochemische Analyse Bowman’s 
Medical Chemistry.” Also the excellent “ Lelirbuch der Zoochemic,” by 
lloint/j which however is only published in German. 
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talline state. The addition of water in some eases causes 
tlie most rapid crystallization^ especially when the crystal- 
lizablc material is contained in a cell, as when water is added 
to blood, in order to obtain blood crystals. Instead of M^ater, 
in other instances, it becomes necessary to add alcohol, in 
which fluid the crystals may be much less soluble than in 
water. 

Crystalline substances which arc dissolved in animal 
fluids, may often be separated in a perfectly pure state by 
the addition of another fluid in wdiich they are not so readily 
soluble. Tliis last should be added very gradually, to allow 
time for the formation of the crystals, otherwise an amor- 
phous precipitate alone results. Many organic substances 
soluble in alcohol, may be crystallized by the addition of 
ether, while some are precipitated* from their solution in 
water, by the gradual addition of alcohol. 

140. Influence of cHlier Constituents upon the Crystaliiza- 
tion. — Tn many instances, it is exceedingly difiicult to sepa- 
rate some crystalline bodies from other constituents with 
which they arc retained in solution. In consequence, their 
solubility is much increased, and their crystallization often 
prevented. The extractive matters of blood, urine, &c., exert 
this influence in a marked degree, and it is only of late years 
that several new bodies of definite chemical composition 
liavcbceii isolated. Creatine and creatinine maybe instanced 
amongst the number, for these were not very long ago 
included under the indefinite term extractives.^^ Certain 
colouring matters of definite composition have also been 
separated, and it is very probable that as the methods of 
analysis at our disposal become improved, many new crystal- 
line bodies will be isolated from the extractive matters. A 
very small quantity of extractive matter entirely prevents 
the crystallization of urea, while the presence of chloride 
of sodium favours the separation of this material by forming 
with it a compound which readily crystallizes in large octo- 
hcdral crystals even in the presence of extractive matters. 
The existence of carbonic acid in excess may cause carbonate 
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of lime, triple phosphate, and other salts, to be held in 
solution. Excess of alkali prevents the precipitation of uric 
acid, and excess of acid, that of phosphate of lime. Fatty 
matters dissolve cholesterine, and serum possesses the power 
of retaining small quantities of both the latter substances 
in solution. 

Some crystalline bodies which are soluble at the tem- 
perature of the body, crystallize when the solutions contain- 
ing them arc cooled thirty or forty degrees. The effect of 
dilution upon retaining crystals in solution, need scarcely be 
alluded to. 

Hence, before the presence of many substances can be 
detected by microscopic examination, certain chemical opera- 
tions arc required in order to separate them from their com- 
binations in the animal body, or for the removal of other 
substances which interfere with their crystallization. 

ISO. Reparation of Crystals from Animal RuUstances. — 
From what w\aa stated in the last section, it follows that in 
many instances this is a matter of some difficulty. Not 
unfrcqucntly, even after crystals have been obtained, if not 
very soon sc])aratcd from the fluid in which they were 
formed, they again undergo solution or become decomposed. 
If the crystals arc not very soluble, the supernatant fluid, or 
mother liquor, may be poured off, — the crystalline deposit 
washed Avith ice-cold water, and subsequently dried on filter- 
ing paper over sulphuric acid, without the .application of 
heat. 

If the crystals will not bear the application of water, as 
much of the fluid as possible must be poured oft^ and the 
remainder absorbed w ith bibulous paper, or they may be 
placed upon a porous tile, and dried over sulphuric acid in 
vacuo. In many instances we are enabled to wash the 
ciystals with w'ater, holding a little acid or alkali, or some 
alkaline salt, in solution, or with alcohol, ether, or some 
other fluid in which wc know them to be quite insoluble. 

In cases in which crystals insoluble in water arc deposited 
in animal solids, they may he separated by agitation, when. 
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being heavier than the water, they subside to the bottom, 
and the lighter animal matter may be removed by forceps, 
or if in a very minute state of division, poured off with the 
supernatant fluid. In other cases it may be separated by 
straining, while the crystals are washed through muslin. 

1B1. Examination of Crystals unUer the Microscope. — Some 
crystals Mhich have been entirely separated from the fluid in 
which they were originally deposited, may be examined in 
the dry way, in water, or other fluid in which they arc known 
to be insoluble, or in Canada balsam ; but, as a general rule, 
it is necessary to examine the crystals as they lie in some 
of the fluid in which they have been formed. When they 
have been obtained by allowing a concentrated solution to 
cool, some of the inspissated fluid must be removed with the 
crystals, placed upon a glass slide, or in a thin glass cell, 
covered with a j)icce of thin glass, and examined in the usual 
way — first using a low power (an inch), and afterwards a 
higher power (a quarter), because, although some of the 
crystals are of a large size, others amongst tlicm, the form 
of which is very perfect, an; often exceedingly minute. The 
crystals and mother-liquor should not be exposed to the air 
previous to examination, for in many instances, water is 
absorbed, and partial solution takes place. 

1S2. Of obtaining Crystals for Examination. — In order to 
accustom himself to the necessary manipulation required in 
the process, the student may evaporate a solution of common 


salt upon a glass slide, and, when it has 
become sufficiently concentrated, it may be 
covered with a small piece of thin glass, and 
allowed to cool. When cold it may be sub- 
jected to microscopical examination, and 
beautiful cubes of chloride of sodium will be 
observed (fig. 111). Crystals of several salts 
may be made in the same sim])le manner, and 
from an attentive examination of them, much 



CiiliPa of chloride 
of sodium, obtained 
by ronccntratiiitr a 
Bolutioii of common 
Balt, X 215. 


may be learned. Phosphate of soda, phosphates of soda and 


ammonia, sulphates of potash and soda, muriate of ammon ia.^ 
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and a variety of other salts, can be readily obtained in 
microscopical crystals in this manner. 

Different faces of the crystal, as it lies in the liquid, may 
be brought into view by slightly moving the thin glass cover 
with a fine-pointed instrument, such as a needle, while the 
preparation is in the field of the microscoiie. With a little 
practice, crystals may in this manner be made to rotate 
in the mothcr-licjuor. Crystals which arc precipitated by 
the addition of some reagent, such as nitrate of urea by 
nitric acid, must be examined in a little of the solution. 
The addition of water would, in many instances, destroy 
them immediately. 

The influence of the crystals upon polarized light* should 
be examined, and in cases in which the nature of the crvstal 
pjg ^^2 has not been ascertained, its 

j angles should be carefully mea- 

sured, and accurate drawings 
Their behaviour with 
chemical reagents is next to be 
.. ascertained, and their solubility 
in water, alcohol, and other 

'“I 1 ' » 

■ fluids must be noted. For these 

experiments different portions 
must be taken and separately 
tested in the manner referred to in §§ 138, 140. 

A drop of the solution should also be evaporated rapidly 
nearly to dryness, and allowed to crystallize upon the slide 
without being covered over, when the substance will often 
be found to assume a variety of beautiful forms, such as 
crosslets, dendritic expansions, &c., which vary according to 
the rapidity with which the evaporation has been conducted, 
and other circumstances, fig. 112. 

158. Of IMeasurlns the Angles of Crystals. — The goniometer 
is employed in the measurement of the angles of crystals. 
Although not much used in this country at present, it is 


• .j:, ■■■ I j .. . • 

Chloride of timmonium evaporated very 
rapidly, and crystallized in crosslets. 


* ‘‘ How to Work with the Microscope/* 
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important briefly to refer to its construction^ as in some 
researches it is desirable that the angles of the crystals 
should be carefully measured. Crystals which nearly resemble 
each other in their general form, and even in size, will be 
found to exhibit difierences in the measurement of their 
angles. 

The simplest method of measuring the angles of micro- 
scopic crystals is that of Schmidt. The goniometer consists 
of a positive eye-piece, which is so arranged as to be easily 


Fig. 113. 



Goniometer for measuring the angles of crystals in the Microscope. 

Made by Messrs. Powell and Lealand. Altered from Schmidt’s Goniometer. 

rotated within a large and accurately - graduated circle. 
Across the focus of the eye-piece a single cobweb is drawn ; 
and to the upper part is attached a vernier. The ciystals 
being placed in the field of the microscope, and care being 
taken that they lie perfectly flat, the vernier is brought to 
zero, and then the whole apparatus turned until the line is 
parallel with one face of the crystal ; the framework bearing 
the cobweb with the vernier is now rotated until the cobweb 
becomes parallel with the next face of the crystal, and the 
number of degrees which it has traversed may then be 
accurately read off. In using this instrument, care must be 
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taken that the crystals are placed perfectly flat, otherwise a 
wrong estimate of the angle will be made. 

Dr. Lceson has applied the property of double refraction, 
possessed by Iceland spar, to the measurement of the angles 
of crystals under the microscope. A description of his 
apparatus will be found in Mr. Quckett's treatise, but the 
cobweb goniometer just referred to, will, I believe, be found 
to answer all the purposes for which this instrument is 
required by the physiological or pathological observer. For 
special crystallometrical investigations, however, a more 
elaborate apparatus becomes necessary.* 

1S4. Preservation of Crystals as Permanent Objects. — The 
preservation of the more soluble crystals is attended with the 
greatest difficulty, except when dried, in which state their 
characters under the microscope arc not well defined. Crystals 
which very readily deliquesce on exposure to air, must be 
dried in vacuo, removed quickly to a cell, the cover of which 
must be firmly cemented down at once. Some crystals may, 
however, be dried and mounted in Canada balsam ; others, 
such as oxalate of lime, cystine, triple phosphate, &c., can 
be well preserved in aqueous solutions, containing a little 
acid in the case of the two former substances, or an ammo^ 
niacal salt, in the latter instance, in which the crystals arc 
known to be insoluble. Crystals which contain water of 
crystallization must bo preserved in a drop of the mother- 
liquor ; but in many instances they alter much in form, and 
when we come to examine them, instead of finding a great 
number of small, well-formed crystals, as when the prepara- 
tion was first put up, nothing remains but one or two large 
ill-shaped ones. The concentrated mother -liquor often acts 
upon the cement with which the glass cover is fixed on the 
cell, and very soon air enters, and the preparation is destroj^ed. 
Many crystals may be preserved in strong glycerine without 
much change taking place. I have some crystals of Guinca- 


* Sec also a paper by Mr. llif'lilcy in the fourth volume of the “Quarterly 
Journal of Mierow'opieal Science,” iwjrc 7'J. 
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pigs’ blood which have been preserved for upwards of three 
years in this medium. 

A preparation of nitrate of urea in my possession has 
kept well for a considerable time in a very thin cell, contain- 
ing only just sufficient of the mother-liquor to preserve the 
form of the crystals. The cell is made of Brunswick black. 
Crystals of chloride of sodium appear to keep pretty well in 
their mother-liquor, and the same will be found to "be the 
ease with a great number of substances. The more soluble 
crystals of an organic nature can seldom be "preserved unless 
they are perfectly pure. 

iSB. iTrea. — Traces of urea in an animal fluid may always 
be detected by the crystalline characters of the nitrate of 
urea. Upon adding a drop of nitric acid to a drop of cold 
concentrated urine, or other solutiiJn containing urea, placed 
upon a glass slide, a crystalline precipitate of nitrate of urea 
will immediately take place. Upon eovering this with a 
piece of thin glass, and subjecting it to microscopieal exam- 
ination, the characteristic rhomboidal plates will be observed. 
Fig. 1 ] -I represents the appearance of nitrate of urea examined 


Fii;. III-. Fig. 115. 



Crystals of nitrate of urea. a. Crj’stals Crystals of oxalate of nrca, obtained 

obtained from urine, h. Crystals of pure by addinpr oxalic acid to couccntrntcd 
nitrate of urea, x 215. urine, k 215. 


with a quarter of an inch object-glass, at a are shown some 
crystals of the impure nitrate, :is obtained from urine ; the 

I 2 
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other crystals in the figure were formed by adding some 
nitric acid to a solution of pure urea. 

Another drop of the concentrated urine may be treated 
with a strong solution of oxalic acid, when we shall obtain 
crystals of oxalate of urea, the form of which is represented 
in fig. 115, under a quarter of an inch object-glass. 

When mere traces are suspected to exist in animal fluids 
or solids, we must proceed to separate the urea from albu- 
minous or other substances, before the addition of the nitric 
acid. 


r 'J A 


If the urea exist in an albuminous solution (serum of 
blood, or in a dropsical fluid), we must remove the albumen 
by boiling with a few drops of acetic acid, and subsequent 
filtration. The filtered solution is to be evaporated to dry- 
ness over a water-bath, and the dry residue treated with cold 
alcohol. As a general rule, however, I think it preferable 
to evaporate the solution supposed to contain urea, at the 
temperature of 100°, or in vacuo, and treat the dry residue 

with alcohol, which dissolves the 
^ Fig. ne. urea. Much chloride of sodium 

p — separates from the alcoholic solu- 
r ;J'/V c /y ^ evaporated. If to a 

^ little of the cold mother-liquor 
^ 1 ^.. ^ nitric acid be added, 

as above described, crystals of 
Crystal, of area, obtainea bv evapo- nitrate of Urea wiU be formed, if 

urpa was present in the original 
solution. In all cases, the fluid 
suspected to contain urea mu&t be operated upon when quite 
fresh, as this substance r^ldily becomes decomposed into 
carbonate of ammonia. Numerous crystals of urea, oxalate 
of urea, and nitrate of urea, are figured in “Illustrations 
of Urine, Urinary Deposits and Calculi,^’ pages 56, 58, 60, 
Plates II., III., IV. 

In examining solid organs for urea, the fresh tissue may 
be broken up, and treated with several portions of hot water, 
the solution filtered from coagulated matters, and evaporated. 


Ml 


Crystals of urea, obtained by evapo- 
rating a solution slowly. The dork oval 
bodies ore spaces in the crystals, x 215. 
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when the residue may be extracted with alcohol, as before 
described. 


Oxalate of Urea is easily prepared by adding crystals of 
oxalic acid to a concentrated solution of urea, or to urine eva- 
porated to the consistence of syrup. As the mixture becomes 
cold, numerous crystals of oxalate of urea form, fig. 115. 

Crystals of pure urea, obtained by decomposing a solution 
of the oxalate of urea with chalk, and carefully evaporating 
the filtered liquid, are shown in fig. 116. The cavities repre- 
sented in many of the crystals contain fluid. Urea may also 
be obtained in a nearly pure form by adding ether, in which 
it is only slightly soluble, to the fluid which contains it.* 
Urea may be determined, quantitatively, by weighing the 
nitrate and calculating the proportion of urea it contains, by 
decomposing it with solution of chlorinated soda and •esti- 
mating the volume of nitrogen according to the method 
of Dr. Davy,t or by Liebig's process. J 

ISO. Creatine — Creatinine. — Creatine exists in very small 
quantity in muscular fibre. Traces of it are also present in 
urine, in which fluid it was discovered by Liebig. According 
to Dr. Gregory, it is most readily prepared from the flesh of 
the cod fish ■, from twenty-five pounds of which, in one expe- 


riment, he obtained 164 grains of crea- 
tine. From crocodile’s flesh I obtained 
it very readily; two pounds yielded more 
than seventeen grains of pure creatine. 
The flesh is to be chopped in spall pieces, 
and well kneaded with water. After all 
the fluid has been expressed by powerful 


Kg. 117. 



pressure, it is very carefully raised to the 

, ... . . , ,, , . T .. Warty granules of the 

boilmg- point, and the coagulated matter iiiiorwe of ane compound, 

removed by filtration. The phosphatic 


salts are precipitated by caustic baryta. The solution must 


* A plan recommendeil by Dr. Marcet. 

t “ Dublin Hospital Gazette,” June Ist, 1855 ; “ Archives of Medidne,” 
Vol. i., page 144. 

J Vide a paper by Dr. von Bose, ” Ardiivos of Medicine,” Vol. L page 34. 
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be again filtered, and evaporated at a gentle beat (130°— 140°) 
to about one-twentieth of its volume, or to the eonsistence 
of syrup; any scum which forms being, from time to time, 
removed from the surface. This concentrated solution may 

Fig. 118 . 



Crystals of crcaii 


tlien ])c set aside. On cooling, it forms a thin jelly, and, 
after standing for some days, crystals of creatine are 
deposited. 

Crystals of creatine are represented in fig. 118, and those 
of creatinine in fig. 119, which have been copied from 
M. Robin’s Atlas. 

I have obtained crystals of creatine and creatinine 
according to Liebig’s process, as follows : — A quantity of 
urine was neutralized by lime water and precipitated by 
chloride of calcium. The filtered solution, after being 
evaporated to a small bulk, was again filtered from the saline 
residue which crystallized out, and mixed with about one 
twenty-fourth of its weight of a solution of chloride of zinc, 
previously concentrated to a syrupy consistence. After some 
days had passed, numerous warty masses of a compound 
of chloride of zinc and creatinine, with which the creatine 
was mixed, separated, fig. 117. These were re-dissolved 
in water and crystallized. The pure crystals were boiled 
in water with hydrated oxide of lead, and the chloride 
of lead and oxide of zinc separated by filtration. The solu- 
tion containing the creatine and creatinine was concentrated. 
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The crystals thus obtained were purified by re-crystallization, 
and treated with boiling alcohol, which dissolved the crea- 
tinine, leaving the creatine behind. By purification with 


Fig. 119. 



Crystals of creatinine. 


animal charcoal and re-crystallization, excellent crystals were 
obtained. My assistant. Dr. von Bose, obtained a consider- 
able quantity of these crystals from urine in my laboratory 
last year.* 

IS7. rric or L,ituic Acid. — ^The presence of uric acid in a 
crystalline form, can be readily detected in animal fluids and 
solids, by microscopical examination, if it occur in a crystal- 
lized state. 

In order to ascertain if an amorphous or other deposit 
contain uric acid, or a urate, we must treat it with a few 
drops of potash, which will dissolve any of the acid that 
may be present. This alkaline solution is to be decomposed 
with excess of acetic acid, and, after the mixture has been 
allowed to stand for twenty-four hours or longer, any deposit 
that may have formed, is to be subjected to microscopical 

* For drawnga of crystals, of creatine, creatinine, and the chloride of zinc 
compound from urine, vide “ Illustrations of Urine, Urinary Deposits, and 
Calculi;” “Urine,” Plate VII. 
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exatflination. The microscopic crystals of uric acid^ obtained 
in this manner, are usually in the form of rhombic tablets, 
figs. 120, 121, but sometimes they assume the form of six- 
sided plates. 

Uric acid is soluble in alkaline fluids, and is usually pre- 
sent in serum, in combination with an alkali ; hence we 


Jig. 120. 


O a. ( f 

9 ^ fit m 


^Btals of uric acid from urine, x 215. 


I*ig. 121. 



Crystals of uric acid in forms in whicli 
they arc often deposited from alkaline 
solutions, after adding excess of acid, 
X 215. 


shall be able to detect it in aqueous extracts, if it existed 
originally in the fluids. All that is necessary is to con- 
centrate the solution, and then add excess of acetic acid. 

Dr. Garrod* has proposed an excellent plan for detecting 
the presence of uric acid in the blood of gouty patients, 
which is very simple and easy of execution. A little of the 
serum is poured into a watch-glass, and a few drops of acetic 
acid added to it. Two or three very fine filaments of silk, 
or tow, arc then placed in the mixture, and the whole 
allowed to stand in a still place, under a glass shade, for 
twenty-four hours or longer. Upon submitting the filaments 
of tow to microscopical examination, they will often be found 
studded with minute crystals of uric acid, frequently exhibit- 
ing some of the forms shown in the above figures. 

The student will gain much practical information as 
to the characters and various forms which this substance 
assumes, by dissolving some of the crystals obtained from 
urine in alkaline solutions (potash, soda, alkaline carbonates. 


• "Medico-Chirurgical TranBactions,” Vol. xxxi. 
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phosphates, &c.), and then causing the crystals of uric acid 
to be precipitated by the addition of excess of acid. To 
some specimens he may add hydrochloric, to others, acetic or 
nitric acids, &c. Upon examining the crystals obtained by 
these various processes in the microscope, he will notice a 
great variety of forms, but, upon careful examination, it will 
be found that most of them are mere modifications of the 
same form, and that a connection between them may be 
traced in many instances.* 

IBS. Hippnric Acid is separated from its sails by the addi- 
tion of a stronger acid (as hydrochloric acid) and the crystals 
which are deposited may be subjected to microscopical 
examination in the usual manner. Hippuric acid should 
always be sought for in animal fluids which are quite fresh, 
as it undergoes de- 
composition very 
rapidly, and becomes 
entirely converted into 
benzoic acid. The 
microscopical charac- 
ters of these two acids 
arc very distinct. 

Benzoic acid crystal- 
lizes in scales, while the crystals of hippuric acid occur in 
the form of beautiful prisms, fig. 122, not unlike those 
of the ammoniaco-magnesiau phosphate. Hippuric acid is 
very soluble in hot water, and also in alcohol. Solutions 
of hippuric acid redden litmus paper strongly. 

In order to detect small quantities of hippuric acid, the 
animal fluid, which must be perfectly fresh, is evaporated 
nearly to dryness, and then treated with alcohol sp. gr. *830. 
After the addition of a crystal of oxalic acid, the spirituous 
solution is evaporated to the consistence of syrup. The 
residue is next to be extracted with ether, which contains 
about one-sixth of its volume of alcohol. The solution is 

* Illustrations of the Constituents of Urine, Urinary Deposits, and 
CalculV^ page 15, Plates IV. to VIII. 
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again evaporated, and the remaining extract treated with 
water, which dissolves the hippuric acid, while any fatty 
matter which is present is left behind in an insoluble state. 
The solution may be filtered into a watch-glass, and allowed 
to evaporate slowly that crystals may form. 

Hippuric acid may always be obtained from the fresh 
urine of horses or oxen. After the administration of benzoic 
acid, it is found in human urine, as was demonstrated many 
years ago by Mr. Ure ; and Lehmann has remarked the 
presence of hippuric acid in diabetic urine, in every instance 
in which he has sought for it. Lehmann states, that in 
diabetic urine hippuric acid tiikcs the place of the uric, 
which is absent in this condition. Some exception to this 
must, however, be taken, as I have seen three or four cases 
of Confirmed diabetes in whieh the urine contained a very 
large quantity of uric acid. My friend. Dr. Murchison, tells 
me that he has also observed it. Indeed, in this country at 
least, I suspect that uric acid is often found in diabetic 
urine. Hippuric acid has been found in the blood of oxen 
by Verdeil and Dolfuss.* 

ISO. Lactic Add— Lactates. — The presence of this acid is 
often detected with difficulty in animal substances, in con- 
sequence of its characteristic reactions being interfered with 
by the presence of many organic bodies. Its separation 
from other substances is attended with much trouble, espe- 
cially when it is present only in very minute proportions.f 

Its presence is most readily determined by the micro- 
scopical characters of certain of its erystalline salts. Of 
these the lactates of zinc, copper, and lime, arc the most 
characteristic. 

In order to detect the presence of lactic acid in animal 
fluids, Lehmann proceeds as follows : the fluid is evaporated 
carefully over a water-bath, and the residue extracted with 

* ljt?lnnaiin’s “ Physiological Chemistry,” Cavendish Society, Vol. ii., 
page 212. 

+ Dr. Ridiardson has lately induced a rheumatic condition iu dogs, accom- 
panied hy affection of the joints and heart, by injecting a dilute solution 
of lactic acid into the peritoneal cavity. 
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alcohol. After the separation of some of the salts by evapo- 
rating this alcoholic solution, and allowing them to crystal- 
lize out, the remaining mother-liquor is treated with sulphuric 
or oxalic acid. The sulphate or oxalate of potash is then 
precipitated by means of alcohol, 
and the impure lactic acid re- 
mains in solution. To this solu- 
tion baryta water is next added, 
and the excess of baryta removed 
by carbonic acid. The solution 
filtered from the precipitate is 
evaporated to a syrupy consis- 
tence, treated with alcohol, 
filtered, again evaporated, and 
then allowed to stand for some 
time, in order that any baryta salts may crystallize out. 
The syrup is next removed, and dccomiiosed with sulphate 
of lime. The solution filtered from the sulphate of baryta 
is evaporated to a small bulk, when crystals of lactate of 
lime, in the form of double brushes, fig. 123, wdth crystals 
of sulphate of lime, may be observed u])Ou microscopical 
examination. The crystals of lactate of lime may be dis- 
solved in alcohol and sulphate of copi)cr added. After the 


Fig. 133. 



f^rystals of lactutc of lime. 


I'ig. 12t. 


rig. 125. 



Oystuls of lactate of copper. 



removal of tlie excess of sulphates of lime and copper by 
evaporation and crystallization, the remaining solution is 
to he concentrated, and the crystals of lactate of copper 
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examined in the microscope, hg. 124. If distinct and 
measurable crystals are not obtained in this manner, Leb* 
mann dissolves the residue in a little water to separate any 
butyric acid that may be present, and after being strongly 
boiled, the solution is filtered, and a zinc bar placed in it, 
which in the course of a short time, becomes covered with 
crystals of lactate of zinc, the angles of which may be 
measured with the goniometer, fig. 125. The microscopical 
characters of the salts of lactic acid are well shown in the 
excellent atlas of plates of Dr. Funke, of Leipzig, a work 
which will be found of the greatest value to the student 
in animal chemistry.* 

160 . Pulmonic or Pneumic AclU. — This acid has been 
lately discovered in the lung tissue, by VerdeU.t It is 
prepared as follows : perfectly fresh calves^ lung is cut into 

Fig. 126. Fig. 127. 



Crystals of pulmonic acid, obtained from calves’ lung, x 315. Pulmonic acid, after Robin and 

Vcrdeil. 


small pieces, and extracted with tepid water. It is well 
pressed, in order to remove all the liquid. The fluid is 

* Cavendish Society, 1853. 

t According to Cloetta, VerdeiPs pulmonic acid consists principally of taurine. 
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treated with sulphate of copper to precipitate the albumen. 
The excess of sulphate of copper is removed by the addition 
of sulphuret of barium, or by adding baryta water and 
passing sulphuretted hydrogen through the liquid. The 
filtered solution is evaporated to the consistence of syrup, 
and time allowed for the formation of crystals. These may 
be re-crystallized from spirit, to which a few drops of sul- 
phuric acid have been added. In this manner the crystals 
represented in fig. 126 were obtained. It is probable, how- 
ever, that these do not consist of one simple substance. 

161 . Fatty Matters. — Some fats crystallize in characteristic 
forms, from their ethereal or alcoholic solutions. 

Margarine may be readily obtained from human fat ; it 
is deposited from its alcoholic solution in round spherical 
masses which appear almost black by* transmitted light, in 


Fig. 128. 



Crystals of margarine, after Robin and Verdcil. 


consequence of being composed of dense aggregations of 
minute crystals, fig. 128. Almost the whole of the oily fat 
remains in solution in the alcohol. 

Minute stcllaj of this substance may be obtained from a 
concentrated alcoholic solution of human fat, and not unfre- 
quently crystals separate spontaneously from the oily fat in 
which they have been previously dissolved. This crystal- 
lization may sometimes be seen in the contents of the fat 
vesicle of adipose tissue, particularly if putrefaction has 
commenced, and also in many mixed fatty matters which 
have been extracted from animal substances. 

Margarine crystallizes from its solutions in tufts com- 
posed of somewhat wavy, minute, acicular crystals, or in 
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separate, free, short crystals, which are usually somewhat 
curved. 

Margaric acid also crystallizes in minute tufts composed 
of very small and much-curved crystals, fig. 130. 

Stearine may be obtained in large quantity from mutton 
fat; it is only slightly soluble in hot alcohol, from which 
solution it readily crystallizes in a form much resembling 


Pig. 120. I'ig. 130. 



Cryaials of stearic arid, after Roltin Crystals of niargaric acid, 

and Vcrdeil. 


that of margarine, but the necdle-likc crystals are for the 
most part thinner, and their direction is straight. Stearine 
also very commonly crystallizes in quadrangular tablets. 

In examining the crystals of these fatty matters, depo- 
sited from ethereal or alcoholic solutions, obtained by digest- 
ing the dried animal substances in alcohol or ether, a large 
number of oil-globules will also be observed in the majority 
of instances. The characters of stearic acid under the 
microscope are shown in 'fig. 129, and those of margaric 
acid in fig, 130. These figures were taken from the excel- 
lent atlas of plates by llobin and Verdcil.* 

These crystalline fatty matters arc not unfrcquently met 
with in morbid growths, and very commonly in various fluids 
and solids of the body. In vomited matters, masses of 


* “ Train' do Cliimic Anatoiuiqne et I’liysiologique,” a work that may be 
consulted with givat advantage by all interested in the niicroscoi)ieid characters 
of the varions crystalline substances met with in, or obtained fi-om, the animal 
body. 
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• < ■ 

Cholcstcriuc, cryatul- 
lizcd from an alcoholic 
solution, X 215. 


Fig. 132. 


crystalline fat are very often observed, and in vomit con- 
taining sarcinae, stellar crystalline fatty masses are very 
frequently present. 

Cholesterine is a non-saponifiablc fat, and occurs in many 
situations in tbc human body. A small t-ig. lai. 

quantity of cholesterine is always presfant in A/''| 

bile, and the colourless gall-stones consist •''s’ 

almost entirely of this substance. It may I 

be extracted from many of the tissues in a 
state of health; I have even obtained it • 
from the healthy crystalline lens of the eye. choicstcrinc, crystni- 

. „ . /» • v alcoholic 

In disease it often occurs in serous fluids, sohition, x 215. 
especially in the scrum of ovarian and other serous cysts, 
and occasionally in the fluid of hydrocele. 

Cholesterine may always be recognized by its crystal- 
line form, fig. 131, and may • Fig. 132 . 

usually be obtained by the slow ^ 

evaporation of alcoholic solu- \<' \ 

tioiis; but where only mere > 1 ^ ^ 

traces of this substance arc kIi I ' I 

present, it is necessary to re- Ij ji Jj j j 

move the other fatt}'- matters ](/i ='(fijiili|) \(| 

before tlie cholesterine can be ^ litlf 111 u - 

obtained in the crystalline I \ il 1 1 |(‘ i ^ 

state. By boiling with water \1' V j '1\ j 

and oxide of lead, the sapo- V i \1 

nifiablc fats form a plaster, I / If ]1 

and the cholesterine is dis- • ^ V 

solved by treating the latter „ , , 

with dilute alcohol, from which '^e*'**®*'- 

solution it may be obtained in a crystalline form by sub- 
sequent evaporation. 

Seroline. — This is another non-saponifiablc fat discovered 
by Boudet in scrum, but differs from cholesterine in not 
forming distinct and well-defined crystals; it separates in 
large transparent flakes from alcoholic solutions, fig. 132. 

102 . Excretine. — This substance was discovered by 


Non-crystalline Hakes of seroline. 
ilubiii and Vcrdcil. 


Cxcretine. 
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Dr. Marcet a few years ago. It is only present in human 
fences. In Grder to obtain it^ the following process is em- 
ployed.* A quantity of excrement is introduced into a 
long-necked tlask^ and is exhausted with boiling alcohol *850. 
The mixture is filtered, and the solution mixed with a little 
thick milk of lime, diluted with a quantity of water equal to 
that of the alcoholic solution. After standing for a few 
hours, a light precipitate will subside to the bottom of the 
Fig. 133 . vessel. This is sepa- 

\ ll increases the solvent 

three or four times, 

CrytaU^b^^n^. by eva^j^ng^an^c solution ^j^^^hol and cthcr 

being allowed to re- 
main on the residue three or four hours before being poured 
off. The filtered alcoholic solutions are to be evaporated in 
as cold a place as possible; and after the lapse of a day or 
two, crystals of excretine will make their appearance. They 
are to be separated, and the mother-liquor allowed to remain, 
that another crop of crystals may form. The impure 
excretine is to be dissolved in hot alcohol, agitated with 
animal charcoal, and re-crystallized. This substance is not 
easily crystallized, unless its alcoholic solution be allowed to 
evaporate slowly in a cold place. Frequently nothing more 

• “Pliil. Trans.” 1867, page 403. "Archives of Medicine,” No. II., 
April, 1858. 
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than a few non-crystalline globules are obtained, but this 
will crystallize if re-dissolved in alcohol and exposed to the 
cold. 

Dr. Marcet has ascertained the composition of excretiiie 
to be as follows : * 

Carbon 80'427 

Hydrogen 13'515 

Oxygen 3-278 

Sulphur 2-780 

Its atomic weiglat is 578, assuming that an equivalent 
contains one equivalent of suljdiur. 

1IS3. CryMtalllzable Substance from tlic Blooil. — This beau- 
tiful compound is held in solution in the red blood-corpuscles 
of man and animals. It was first examined by Funke, and 
afterwards by Kunde.t The subject has lately been very 
carefully investigated by Lehmann. J In the Medical 
Times and Gazette for 1852, will be found a very interest- 
ing paper on the subject by Dr. Parkcs.§ The various forms 
of tlic crystals arc well delineated by Dr. Furikc.|| The 
most important crystals are figured in Plate I. 

These crystals are very readily obtained by diluting blood 
with some fluid. A drop of blood may be placed upon a glass 
slide, and after the addition of a drop of water, alcohol, or 
ether, the whole should be lightly covered with thin glass. 
A hair, or a small piece of thin paper or wood, may be 
placed between the glasses, in order that a stratum of fluid 
of sufficient thickness may be retained. It is preferable to 
use defibrinated blood. Often the corpuscles and a little 
serum may be removed from the clot by firm pressure, and 

• '‘Phil. Trans./" 1857. 

t Dissert, inaiig. Lips. 1851 (O. Funke). Zeitsclirift. f. rat. Med. N. F. 
Bd. I. II. 

X ** Lchrbuch d. Physiolog. Chemie,” Vol, i., second edition, 1853. Bei. 
d. k. Sachs. Gesel. d. Wiss, 1852—1853. 

§ See also a paper on “ Albuminous Crystallization/" by Dr. Sieveking, in 
the ** British and Foreign Medico-Chirurgical Review,'" for October, 1853, in 
which some excellent woodcuts of blood-crystals are given. 

II Cavendish Society, 1853. 

K 
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from this, very perfect crystals may frequently be obtained. 
The blood-corpuscles become ruptured by endosmosis, their 
contents escape, and crystallize as the solution gradually 
becomes concentrated by spontaneous evaporation which 
goes on at the edges. The time which elapses before crys- 
tallization takes place, varies from an hour to several hours, 
or days, in different specimens of blood. Crystals may also 
be obtained in a similar manner from the coagulum of blood. 

The form of the crystal often varies slightly in the 
same specimen, but the blood of different animals yields 
crystals of very diflerent forms. The nrismatic form is 
that most commonly obtained from the mood of man, the 
carnivora, and fishes. Tetrahedral crystals are met with in 
some of the rodentia, as tlie Guinea-pig, while six-sided 
tables are formed in the blood of the squirrel, mouse, and 
some others. By the kindness of Professor Lehmann, I 
have had an opportmiity of seeing some beautiful rhomboidal 
crystals, which he obtained from the blood of the hamster 
(another of the rodentia). Frog’s blood cannot be made to 
crystallize, in consequence of the density of the eell mem- 
brane, but Professor Lehmann tells me he has obtained 
crystals readily from the blood of the Italian lizard.* The 
crystals form more readily in daylight than in the dark, but 
most rapidly when the slide is exposed to the light of the 
sun. 

I have never sueceeded in obtaining crystals of the blood 
of the ox or sheep. From pig’s blood crystals were obtained 
with some difficulty, after passing oxygen' and carbonic acid 
through the fluid and diluting it with alcohol and water. 
The crystals from pig’s blood are in the form of prisms and 
acicular crystals. 

Guinea-pig’s blood crystallizes in the course of half an 
hour, or even sooner, if it be diluted with a little water or 


* Teiuhmann has succeeded in obtaining crystals from frog’s blood, by the 
addition of a very largo quantity of water at a very low temperature. Zeit- 
sebrift. fiir. rat, Med. N. F. Baud 111., Heft. 3. — "British and Foreign 
Medico-Chirurgical Beview,” April, 1854. 
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alcohol. I have seen crystals form in Guinea-pig's blood 
without the addition of any fluid, and without any evapora- 
tion whatever. Dog's blood also crystallizes in the course 
of a short time upon the addition of a little alcohol. Human 
blood crystallizes after* the addition of water, slowly, if only 
just removed from the body, but more rapidly if the blood 
be not quite fresh. The crystals shown in Plate I, were 
o])tained by diluting a drop of fresh blood from the finger, 
with a drop of distilled water ; and after coveriijg the mixture 
with thin glass, the slide was placed in a light place. Crystal- 
lization commenced about forty hours after the addition of 
water to this specimen of blood. 

Lehmann has discovered a process by whicsii large quan- 
tities of blood crystals may be prepared. This consists in 
passing oxygen and carbonic acid through the blood which 
has been diluted with much water. The blood which answers 
best, is that of the dog and Guinea-pig, but as far as I know, 
no one has obtained crystals from the blood of the ox or 
sheep. This depends juobably upon the membranes of the 
blood corpuscles being less readily ruptured than those of 
most animals. The following plan yielded an abundant 
quantity of crystals from the blood of the dog and Guinea- 
pig. The defibrinated blood was diluted with half its 
volume, or witTi an equal volume of water. Sometimes it was 
necessary in the case of dog's blood, to add a little alcohol 
or ether until rupture of the corpuscles had taken place, 
which can always be ascertained by microscopical examina- 
tion. Through the solution, oxygen was passed for a quarter 
or half an hour, and then carbonic acid was transmitted 
through the same fluid -during half the time that the oxygen 
had been passed. In tlic course of an hour, or longer, an 
abundant preeij^itate, consisting entirely of blood crystals, 
was produced. This was separated by filtration, and dried. 
If the crystals are required quite pure, they must be re-dis- 
solved in water until the mixture has a specific gravity of 
between 1001 and 1002, and then alcohol must be added 
until the specific gravity is reduced to 0970. f.Vystals will be 

K 2 
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deposited in a few hours. It is often exeeedingly difficult to 
obtain pure crystals after resolution in water. 

Dr. Teichmann also obtains beautiful crystals of a dark 
red colour, by treating the clot of blood, moist or dry, with 
glacial acetic acid. He tells me * that the crystals of 
haemin thus o'^itained have the same form in all animals, 
while the crystals just described difler much in form and 
colour in different animals. Dr. Teichmann pursues rather 
a different plan for obtaining blood crystals to those just 
referred to. After separating the scrum and fibrin as far as 
possible, the blood is diluted with four or $ve times its bulk 
of water. The fluid is precipitated with sulphate of copper. 
The precipitate is washed and pressed well, but not dried. 
It is extracted with alcohol containing about one part of con- 
centrated sulphuric acid, to three hundred parts of alcohol.* 
It is excessively difficult to preserve specimens of these 
blood crystals as permanent objects. I have succeeded, 
however, in keeping some human-blood crystals mounted in 
the dry way ; some from dog^s blood have been mounted in 
Canada balsam, while the beautiful octohcdral crystals from 
Guinca-pig^s blood, have kept pretty well in the fluid to 
which spirit had been added, although they soon exhibited a 
tendency to change colour. In glycerine, crystals from 
Guinea-pig's blood have been preserved for fofPr years.f 

104. Crystallization of Bile. — The glycocholates of potash 
and soda were first obtained in a crystalline form by Platncr. 
The crystallizable substance of the bile may readily be 
obtained as follows : — Perfectly fresh ox-bile is rapidly eva- 

* Henle and Pfeuffer’s Zcitschrifl,” Vol. VIII, page 141. 

t The following references to papers on blood crystallization, in addition to 
those given in page 129, will bo useful to those who wish to perform original 
investigations : — 

Nasse in Muller’s Archiv.,” 1841, page 439. Kblliker in “ Zeitschr. f. 
Wiss. Zool,” 1849, I, page 260. Reichert in ** Muller’s Archiv.,^’ 1849, 
page 197. Rinnak in “Muller’s Arcliiv.,” 1851, page 481. Funke “Zeitschr; 
f. rat. Med. N.F.,” I, pages 184, 192; II, pages 192, 288. Kunde “ Zeitschrift, 
f. rat. Med., N.F.,” II, page 271. Lehmann in “ Ber. der k. Sachs. Ges. d. 
Wiss. zu Leipzig,” 1852, pages 23, 78; 1853, page 102. Robin and Verdeil, 

“ Traite de Cliimio Anatomique et Physiologique,” II, page 335. Teichmann, 
in « Zeitachr, f. rat. Med N. F.,” Ill, p. 375, VIII, page 141. 
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porated to dryness over the water-bath, and the dry residue 
powdered and extracted with absolute aleohol ; the dark 
green alcoholic solution is quickly filtered into a small flask 
or bottle, and then ether is gradually added until the white 
precipitate at first formed ceases to be re-dissolved upon 
agitation. Care should be taken to add fihe ether very 
gradually, for otherwise a bidky amorphous precipitate 
occurs, which does not become crystalline. The bottle ik to 
be lightly corked, and allowed to stand in a still place. 
After a few days, stellar masses of beautifiil and almost 
colourless crystals appear; these increase until tufts of a 





Crystallized bile, obtained by treatiii" perfectly dried bile with anbydrons alcoliul, and adding 
ether gradually to the alcoholic solution. TJic sniall crystals in the ktl baud corner are drawn 
of the uulurul size. 

considerable size are produced. The crystals may be sub- 
jected to microscopical examination^ immersed in a drop 
of the solution in which they were produet‘d, and are beau- 
tiful objects ; or they may be carefully washed with alcohol^ 
to which a tenth of its bulk of ether has been added, and 
rapidly dried in vacuo.* 

* An excellent pajicr On the Constitution and Physiology of the Bile/* 
by Dr. Jno. C. Dalton, junr., will be found in the American “ Journal of the 
Medical Sciences/* for October, 1857. The method of crystallizing the bile is 
w ell described. 
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When dried, the crystals may be mounted in a cell from 
which the air is completely excluded. If exposed to the air 
while moist, they rapidly deliquesce. I have preserved some 
of these crystals, in the solution in which they were formed. 

Fig. lo5. 



Glyrorlmlic acid, prenared hy decomposing glycocholntc of lead willi svilpiiurcttcd liydrogci* 
ami allowing the filtered solution to si and for some da^s. 

ill a tliiu {»:lass cell for some mouths. Ox-bile and pig’s-bile 
may be crystallized, but no one has yet succeeded in obtain- 
ing any crystals from human-bile. Sometimes considerable 
difficulty is experienced in causing bile to crystallize, and 
often repeated trials must be made with perfectly pure 
alcohol and ether, before a satisfactory result is obtaiiu'd. 

IGS. Of Ootcctiii^i; Ammonia In Ihe llreatli. — Allimoilia was 
first detected in the cxjiired air by the llcv. J. B. llcade, 
about fifteen years ago, and Dr. Bcnling has obtained 
evidence of the jircscneo of a large quantity in typhus fever, 
pyemia, and poisoning hy urea. In the latter condition it 
has been dc* tee ted in the breath, and also in the blood, by 
Dr. Freriehs, who attrilmtcd the coma to the ammonia in 
the blood, instead of to the accumulation of urea as had 
been supposed by previous observers. This subject, how- 
ever, has lately been tlioroughly investigated by Dr. Richard- 
son, who has added very much to our knowledge. His 
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researches, which lead to the conclusion tliat the escape of 
ammonia from the blood is the cause of its coagulation, 
gained the Astley Cooper prize for 185G.* 

Dr. Rculing proposed to test the expired air for ammonia 
hy luematoxyliu, which forms Avith this substance a rose-red 
colour; but the best plan is the one originally employed 
by Dr. Readc and recommended by Dr. llichardson. An 
ordinary glass microscope slide is moistened on one’ side 
Avith hydrochloric acid and breathed upon. The ammonia 
combines AA'ith the acid, and a cbloride of ammonium is 
formed n'liich crystallizes in crosslcts and dendriform masses. 
Dr. llichardson recommends the following modification of 
this process : — An instrument of the fonn of a straight 
brcast-puin]) is employed to br(;athc through ; a drop or tAvo 
of hydrochloric acid ,, 1 ^, 

is placed in the bulb, 

and a pcidcetly clean . k 

slip of microscope 

glass jilaced across ^ (I 

the truinpet-extrcmitv J1 \ 

of the tube, and (] 

secured by an India- 

rubber band. The ' jJ', 

alkali as it passes over 

the bidb, combines 

Avith the acid, but 

some of the acid and \ ^ 

alkaline vapours pass ^ ' 

over together and con- Crystals ol* clilorldo of ttniriionium, olituinod by brcalliing 
floi'loo +lio TvnVwi for SL-veral minul <‘8 111)011 a ghisB slide •oistfUcd by liydro- 

ClCllSC oil LllC iniCrO- clilonc arid. Tlie iiidividuai was in good health at the 

scope glass. As this 

becomes dry, crystals are formed. In typhus fever and many 
other low conditions#of the system, a very considerable 
excess of ammonia may be detected in the breath, but in 
health traces arc always to be found. Dr. Richardson found 

* ''The of the Coagulation of the Blootl/’ by B. W. Richardson, M.D. 

Churchill, 1858. 




. % V'* 






m 









Crystals of chloride of ammonium, obtained by breathing 
for several minutes mmn a glass slide •oisteneu hy hydro- 
chloric arid. The iiidividuai was in good health at the 
time. 
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but one exception to this, in the case of a gentleman who 
lived entirely on vegetable food. It is more abundant in the 
breath of healthy persons after fatigue, than in the morning 
after sleep ; and in hot weather a much larger proportion is 
expired than in cold weather. 

106. Hemovlnir Stains from the Hands. — It is at least 
convenient to many that stains, which cati hardly be avoided 
in mieroseopieul incpiiries, should be removed from the 
fingers, and a few directions arc therefore added on this 
head. 

Brunswick black may be removed from the hands by 
washing them with a little turpentine, or by rubbing them 
with lard or oil, Avhieh may afterwards be removed by soap 
and water. 

Marine (fine may gpuerally be i)ccled off, or it can be 
dissolved with a little other or naphtha. 

Chromaie of lead . — In using this substsincc for injection, 
the fingers often become stained with a very deep yellow 
colour, w lii(;h cannot be removed by ordinary w-ashing. The 
application of a little hydrochloric acid at once dissolves the 
yellow ])reeipitate. The hands should be plunged into water 
immediately after the stain has disappeared. 

The Prussian blue fluid can generally be removed by 
soap and w'atcr alone, but if any difficulty be experienced, 
the colour can always be destroyed by washing the hands 
in a little dilute potash. 

Sealing-wax varnish, and other varnishes soluble in spirits 
of wine, can always be removed by the application of a little 
spirit. 

Lime and Jndia-rubber cement can be removed by lard or 
oil and subsequent w’ashing. 

Canada balsam can always be dissolved by a little tur- 
pentine or ether. 
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PART IL 


OF DEMONSTRATING THE MICROSCOPICAL CHARACTERS OF 
TISSUES IN HEALTH AND DISEASE. OF MORBID GROWTHS 
AND DEPOSITS, OP THE FLUID PRODUCT^ OF DISEASE, 
AND OF ANIMAL AND VEGETABLE PARASITES. 


CHAPTER IV. 

Of the simplest Stmictural Elements jnet ivith in Health and 
Disease. — Granules, Globules, Cells, and Fibres. — Corpora 
Amylacea. — Cells. — Of Different Forms of Cells. — Epithe- 
lium. — False Cells. — Demonstration of Cell Structures . — 
Of the use of Carmine in Demonstrating ^ the Nucleus 
of Cells. — Fibres. — Membrane. — Tubes, and Gland Fol- 
licles composed of basement Membrane. — Capillaries. 

I PROPOSE to devote the present ehapter to the eon- 
sideration of eertain elementary strueturcs met with in the 
organism in health and disease. As various appearances 
under the microscope have received distinct names^ it is 
absolutely necessary that every one using the instrument 
should be familiar with the terms employed to describe what 
is observed. No term should be used which has not had a 
very distinct and definite meaning assigned to it; and should 
any doubt exist in the mind of the observer with reference 
to the exact meaning of any word he employs, it is necessary 
that he should describe in detail what he understands by it. 
Considerable difficulty is always felt by learners in con- 
sequence of different writers employing the same term in a 
different sense, and much confusion and difference of opinion 
has arisen in consequence of sufficient care not having been 
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taken in using appropriate terms. It is hoped that the 
reader will not too hastily glance over the next few pages, as 
it has been attempted to affix a definite meaning to many 
words which are used freely in a subsequent part of the work. 

Of the simplest STia'CTi'RAL Elements met with in Health 

AND Disease. 

Iir various fluids and tissues in the healthy organism, 
we meet ivith granuJes^ glohulrs^ cells, and fibres, and in 
most of the sblid organs we may distinguish fibres and 
membranes, jMany tissues which in health arc distinguished 
for their glass-like transjiarency, in disease often become more 
or less opaque. This diminished transparency may depend 
upon the development of granules, globules, cells, or fibres. 
It may be so great as *to obscure com])lctcly the natural 
structure of the tissue, even although a very thin stratum or 
R(!etion be submitted to examination, or the alteration may 
only render the specimen confused and indistinct. In such 
cases it is often desirable to make the tissue more trans- 
parent, which may be eflected in two w ays : — 

1. By immersing it in a fluid which refracts the light 
highly. 

2. Bv tlie addition of some chemical reagent wdiich 
dissolves or greatly alters the material to which the oj)acity 
is due. 

Maiij' highly rcfractitig fluids arc used in microscopical 
examination. The most important arc — syrup, glyecriuo, oil, 
tui’])entine, or (hvnada balsam/ For the methods of cmploj*- 
ing these, the reader is referred to “ How to Work with 
the Microscope,’^ and for the eficets of chemical reagents 
to page 101 of the present work. 

Granules, Globules, Cells, Fibres, and Membranes may be 
met with in the interstices of any texture, may occupy the 
position of the original structure, or may he suspended in a 
fluid. It is, therefore, very important to define the meaning 
of these terms, and they should never he used for describing 
morbid changes, unless the observer is quite satisfied he is 
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using the words in the sense in which they are generallj^ 
employed. * Should he feel doubtful if the characters of the 
object arc properly described by the word he uses, a note 
of interrogation should be placed after it, or the sense in 
which he uses the phrase should be fully explained in a note. 

167. Granules are minute bodies of no determinate shape 
or size, and appear as separate dots or points when examined 
by the highest powers of the microscope. They cannot be 
measured. When granules are deposited in a tissue, it may 
he said to have a granular appearance/^ When suspended 
in fluid, these minute particles of matter exhibit peculiar 
movements, dependent either upon the gradual evaporation 
of fluid at the edges of the glass witli which they are 
covered, upon the existence of the forije of gravity acting 
between the individual particles thpmselves, or upon elec- 
trical disturbance. This movement occurs alike in particles 
of organic and inorganic matter. It 'was diseov(*rc4^ by 
Robert Brown, and termed molecular motion^ and the par- < 
tides are often called molecules. Molecular movements may 
be seen in tlic chyle, in urinary deposits consisting of urate 
of soda in a state of minute division, and indeed whenever 
fine particles of matter arc siLsjiended in a fluid. 

Granules may be divided according to their com])ositiou 
into three princi])al classes, fatty granules^ albuminous 
granules and earthy granules. It is impossible to distinguish 
these from each other by their microscopical characters 
alone. It is therefore necessary to resort to chemical exam- 
ination. For this purpose, the •granular matter suspended in 
water is placed under thin glass in the usual way, but in 
order to obtain a sufficient thickness of fluid for examina- 
tion, it is desirable to prevent the thin glass coming into too 
close contact with the glass slides, by inserting a piece of hair 
or hog^s bristle. The slide being placed under the micro- 
scope, a little of the reagent is forced out of one of the tubes 
with capillary orifices, upon the slide, so that it may gradually 
pass in between the glasses, while the effect it exerts ujxm 
the granules may be studied under the microscope. 
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Fatty Granules . — Fatty matter in a granular state is 
found in the chyle, and sometimes in the blood, in a state of 
health, and in many tissues and fluids in disease. These 
granules are often very minute — so small, indeed, that they 
pass through basement membrane and through the cell wall 

Pig. 1 : 57 . Pig. 13S. Kig. 13«. 
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minute division, from eliyloua 
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** imlos, h, enclosed in 
cells. 



Granules of urate 
of ammonia. 


very readily. They are not affeeted by acetic acid, but are 
often dissolved or saponified by an alkali. They are readily 
dissolved by ether, and as the ethereal solution evaporates, 
fat, in the form of globules, often of eonsiderablc size, 
remains behind. 

It is probable that many granules consist of a combina- 
tion of »fatty and albuminous matter. Much of the fatty 
matter in a granular state, which is suspended in albu- 
minous liquid, deposited in tissues, forming the contents of 
cells, or resulting from the disintegration of tissues, contains 
a large quantity of cholestcrine, which is easily extracted by 
treating the substance with alcohol. By evaporating the 
alcoholic solution, the cholesterine will be obtained in a 
crystalline form. ^ 

Albuminous Granules . — By this term I wish to imply all 
granules composed of any modification of albumen, fibrin, 
casein, or other substance belonging to this class. These 
granules are found in many of the cells of the healthy 
oi^^ism, and in a vast number of tissues at all periods 
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of life. In the early si^es of development, however, such 
granules are very abundant. They are often suspended in 
fluid. Albuminous granules are usually soluble in acetic 
acid — always so in the earlier period of their formation. 
They are also soluble in alkalies. Etlicr has no effect upon 
them. 

Pigmentary Granules arc found in abundance in the cells 
of the choroid coat of the eye, in the cells constituting the 
deeper layer of the epidermis, in the bronchial tubes, in the 
cells composing melanoid cancer and various morbid growths, 
and in other situations. Their character may be studied in 
the pigment cells of the skin and coats of the blood-vessels 
of many batrachia, as the frog and newd, and fishes. The 
dark granules often found in sputum forming irregular 
masses, or inclosed in a incmbraAc, appear to consist in 
many cases merely of blacks which are inspired, but in 
others probably of pigmentary matter separated from the 
organism in the lung itself. 

Earthy Granules arc also widely difliised in the animal 
body, deposited in solid tissues and suspended in the fluids. 
In old age, many tissues are largely impregnated with 
granules consisting of earthy matter. 

They may consist of phosphate or carbonate of lime, 
phosphate of ammonia and magnesia, and more r^ely of 
other earthy salts. 

If composed of carbonate, they effervesce upon the addi- 
tion of an acid, and readily dissolve.* If of phosphate, 
they dissolve without eflervescence, and the clear acid solu- 
tion yields with ammonia a precipitate, in a granular state 
if composed of phosphate of lime; crystallized if consisting 

* For the method of applyinp: the test, see 103. There is a possibility 
of error wlien a fluid or tissue in which the are deix^sited, contains 

carlxmate of ammonia from decomposition. This salt, however, can always Ikj 
very readily removed by the addition of water in which it is readily soluble, in 
the first instance. If the deposit which* effervesces has lK*cn heated to redness, 
it cannot of course contain carbonate of ammonia. It must, liowever, Ihj borne 
in mind that wdien salts of many of the organic acids, as citric, oxalic, lactic, 
acetic, &e., are incinerated, carbonates are found in the ash. 
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of triple phosphate. Doubtless Tflany other substances are 
(lepositiid in tissues in a granular state, tlian those I have 
alluded to. Patient and exact investigation of such a subject 
is important, and must lead to increased knowledge of the 
nature of morbid changes at present but little understood. 

iCH. CiiciiiiiioN. — A globule is more or less spherical in 
form. Globules vary much in size, and like granules, differ 
much in their chemical composition, as well as in other 
characters. Some arc composed of albuminous matter, 
others consist of fat ; and phosphate and carbonate of lime, 
and other mineral matters arc the materials of which many 
are composed. The a])})earancc of the globule, when examined 
by transmitted light, entirely dcj)cnds upon the refractive 
power of the material of which it is composed and that 
of the surrounding medium. If, both being colourless and 
the globules sphericjil or nearly so, exactly correspond in 
refractive power, the globule is invisible, but if they differ 
in this ])ro])erty, the outline of the globule appears dark 
and well-defined wliilc its centre is clear and bright. The 
width of this dark outline is determined by the difference in 
refracting power. For instance, the outline of an oil globule 


I’ig. ! 10. 
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in water is distinct and well-defined, but the outline of an 
air bubble in water is very much wider than that of the oil 
globule, figs. 140 and 141. It is very important that the 
observer should be quite familiar with the appearance of oil 
globules and air bubbles under different powers of the micro- 
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scope. If the globule be" suspected to consist of an earthy 
material, it must be tested with ehemical reagents. Phos- 
phate of lime is readily dissohed by acids, Avithout efler- 
vescence, and may thus be very easily distinguished from 
fatty matter, Avhile the latter is dissolved by ether, which 
has no action whatever on the former. 

Considerable confusion has been introduced with reference 
to the terms granule,^^ molecule,^’ and globule,^^ and 
by some writers the tw^o former have been used in the 
same sense as globule. The Avord globule should be 
festricted to a body Avliich has a distinct circular outline, 
Avith a clear bright centre ; Avhile by granule is under- 
stood a minute particle of no determinate form. The 
latter is, therefore, synonymous Avith the Avord molee.ule.^^ 
It seems to me very important that •in describing these, we 
should carefully distinguish the mere molecule or granule 
from the Avell-defined globule. We can discover the form 
of a glol)ulc Avithout difficulty, but are quite unable to ascer- 
tain that of a granule or molecule. 

Oil (jlofmlcft may be easily obtained for examination by 
shaking a few drops of oil in a bottle of Aveak gum Avater, or 


Fig. 1 l-iJ. Fig. I ll, Fig. 1 jr>. 
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a drop of milk, in which they exist ready formed of all sizes, 
may be placed under the microscope. 

Globules composed of Fatty Matter are so frequently met 
with in the healthy organism and in morbid conditions, that 
every one must have observed them. They are found in the 
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liver cell in healthy and in the epithelium of the small 
intestines in considerable number, in the cortical portion of 
the suprarenal capsules, in the cells of the sebaceous follicles, 
and in those of the mammary gland, in the marginal tufts 
of the placenta towards the end of the period of gestation, 
in the muscular fibre cells of the uterus after delivery, 
and in the cells which are found in considerable number in 
the colostrum, or first portions of milk secreted by the 
mammary gland every time it is called upon to discharge 
its function. The nuclei of many cells seem to be composed 
of a minate round globule like an oil globule. In morbid 
conditions there is not a tissue in the body which mav not 
become studded wdth oil globules, — even the transparent 
cornea, vitreous humour, and crystalline lens arc not free 
from them, — nor is there a fluid in which they do not some- 
times occur. In disease, fat globules are often found in 
epithelial cells, especially those of the liver, kidney, and 
many other glands, in muscular tissue, in nerve, fibrous 
tissue, cartilage, basement membrane, as of the lung in 
emphysema, in the cells of mucous membranes, and in those 
of the bronchial tubes in catarrh, in inflammatory exudations 
generally, in the fluid which collects in serous cysts, and in 
certain cavities as the antrum, and in many other situations 
whic||^ill be enumerated in their proper place. The de])o- 
sition of oil globules seems to be constant wdicrevcr a tissue 
ceases to discharge its office, either as the natural course 
of events, or in consequenqp of a morbid process having 
been set up. The deposition of fat globules, or more pro- 
bably the coniiersion of albuminous material into fatty matter, 
appears to be a natural change prior to the absorption of the 
tissue. It would seem that in health this oily matter is very 
rapidly absorbed, but that in some conditions of the system 
its removal is impossible. So also the proper oflice of a 
tissue having been interfered with by disease, the appearance 
of fat globules seems to be a change which necessarily takes 
place. If the morbid alteration be limited, and the system 
vigorous, absorption of the degenerated tissue may occur; 



THE MICROSCOPE IN CLINICAL INVESTIGATION. 146 


but if the powers be reduced, the process continues, the 
function of organs necessary to life becomes deranged, and 
death ultimately results. It is in such conditions of system 
that maladies, from which healthy men would recover, and 
trifling surgical operations, so very frequently prove fatal. 

It is important to bear in mind that some forms of fungi 
somewhat resemble oil globules in their general appearance, 
hut they do not refract the light so highly as the latter, while 
acetic acid generally renders them more transparent. Ether 
has no action upon fungi, while it dissolves the oil. The 
Pig. 1 16. Fig. 147. 



Fijr. 140. — Globules of earthy matter from the cerebellum, from a case of insantty. These 
roueistrd principally of carboiialt; of liriic. a. Small collection, d. P'our larger ones. r. Globule 
n semblintj corpus amylaceum. rf. Collection of globules incorporated together, following the 
course of a vessel. 

Fig. 1 17 . — Globules of earthy matter, from the choroid plexuses of a case Of insanity. These 
were soluliie in liydrorhloric acid without elFervArence, and consisted alino.Mt entirely of pJiOs> 
pliatc of lime. a. Capillaries of one of the proce.SBes of the plexus, show ing the globule situated 
external 10 the capillary wall. d. Outline of a capillary loop, c. Large globule external to 
capillary. </. Small collections inclosed in membranous structure, e. Large and small globule 
inclosed in a membranous envelope. The mode of formation of these will he understood by 
reference to a, 6^ c. f. Globules acted upon by hydrochloric acid, showing the earthy matter 
almost entirely dissolved, leaving a certain quantity of organic material which had been Ueposited 
w'itli it. 

outline of small oil globules is thicker, in proportion, than 
large ones; but that of fungi is the same in all cases. 
Generally, oil globules in a specimen vary very much in size, 
while the cells of fungi are nearly all of the same size, or 
at least there is a limit which none surpass. 

Globules composed of an Albuminous Material are often 
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of very large size ; they are found in many morbid products, 
in serous fluid from cysts, in soft malignant growths, and 
very frequently in tlie eye in disease of the choroid and 
retina. The outliru! of such globules is exceedingly narrow, 
and the globules themselves scarcely visible, except under the 
influence of a very dull light. These have been termed colloid. 

Globules composed of Earthy or Crystalline Matter . — 
Hard globules consisting of earthy matter, have a compo- 
sition similar to that of granules composed of inorganic 
substances. Many large globules met Avith in the brain, 
contain a large quantity of carbonate of lime, while those 
which occur in the urine of the horse and of rodent animals, 
are composed entirely of this substance. Many calculi at 
an early stage of their formation might be termed globules, 
lly the gradual deposition of new material externally, they 
often attain a very large size. It should be stated that 
a certain ju'oportion of animal matter is usually deposited 
with the earthy or crystalline material of which the globule 
is composed. Tliis is often seen Avhen the highly refracting 
matter has been dissolved out by a chemical reagent. 
Calculi will be alluded to in a subsequent part of the work. 

169. Corpora Amylacea. — These arc oval or circular 
masses, much resembling starch globules in their general 
ap])eaT;jinee, which arc found principally in the brain, but 
they have been met Avith in many other fluids and tissues of 
the body. Corpora amylacea have been found in all parts 
of the organism in disease. They are often found in morbid 
products, and are very frequently associated with globules 
composed of phosphate and carbonate of lime. Virchow, in 
1851, shoAved that they differed from the latter in their 
chemical characters, especially in their becoming blue upon 
the addition of iodine.* Mr. Busk considers that some of 
these bodies are absolutely identical with starch.f The best 

* Virchow’s “ Archiv.’^ Baiul VI., s. 126. 

t Quarterly Journal of Microscopical Science,” Vol, ii., pjigo 106. The 
following references may also be given on corpora amylacea. Dr. Carter, 
Edinburgh Medicm Journal,” August, 1855, and “ Graduation Thesis,” 1856. 
Dr. Arlid^, Medico-Chirurgical Review,” Xoh xiv, page 470, 
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iodine solution for testing their amylaceous nature is the 
chloride of zinc solution, the comiiosition of Avliich is given 
in § 136. Of the mode of formation of corpora amalyeca 
or of their eff'ccts, nothing is known. 

HO. — A cell consists of a perfectly closed sac con- 

taining certain contents. The most iinjiortant structure 
within the cell wall in most instances, is the nucleus, upon 
which the multiplication of the cell, and many iinp(!^rtant 
changes taking jdaee during the period of its life, depend. 
It must h(^ borne in mind, however, that in some cells, as 
the human blood corpuscles, a nucleus is not to be demon- 
strated. Within the nucleus there usually exists a (piantity 
of granular matter amongst w hich is seen a clear bright spot, 
in many instances not to be distinguished in appearance 
from a minute oil globule. This is the nucli^dus. 

The cell wall is cornjiosed of an exceedingly thin mem- 
brane, which is sometimes eh^ar and transparent, and some- 
times granular. This membrane, although containing no 
visible ])ores, is ])ermeable to fluids and gases. 

The ec'll contents are various. Thev differ no less in 
their physical characters, than in their (diernical properties 
and vital endowments. The cell itself may be destined to 
])erform offices of the most temporary character, and its 
devel()])ment, grow th, and decay, may be comprised in an 
cxcec'dingly short s])ace of time, or the material of wdiieh it 
is formed may not be jironc to alteration, and the structure 
may retain its primitive cell-form unchanged for ages. 

In all tissues the cells cannot he separated from each 
other, or from the intercellular material in which they lie, 
as sejiaratc and individual structures, neither can any distinc- 
tion be made between the c(dl wall and the substance which 
intervenes between contiguous cells. Indeed the cavity 
of the cells might be regarded as little spaces existing 
throughout the material, of which the so-called cell w all arid 
intercellular suhstanec arc comprised. To the entire contents 
of this cavitj^ or cell (where it can be removed as an inde- 
pendent structure). Professor Huxley gives the name of 

L 2 
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endoplast, and to the walls of the cavity, or cell wall, that 
of periplast. It is not possible here to offer any remarks 
upon the various opinions entertained with reference to the 
mode of growth and development of cell structures. For a 
full account of Professor Iluxley^s views upon this subject, 
the reader is referred to his paper in the ‘^Medico-Chirurgical 
Review.”* 

ifl. Of the DliTerent Formti of Cells. — As cells differ in 
their vital and physical properties and in the duration of their 
existence, so also, they may be distinguished according to 
the offices tljcy perform, or they may be classified according 
to the peculiarities of form alone. The latter is the plan 
generally adopted in describing varieties of cell formation; 
and scaly or squamous cells, tessellated cells, polygonal cells, 
columnar cells, spherical cells, spindle-shaped cells, fusiform 
cells, fibre cells, and caudate cells, some of which arc very 
complicated, have been distinguished. It seems, however, 
more natural to divide cells into groups according to the 
offices they discharge in the organism. Thus we should 
have cells whose office seems to be that of forming merely a 
protective covering to delicate structures placed beneath them ; 
cells which have the power of selecting from the blood 
proper pabulum for the nutrition or growth of the material 
in which they lie; cells which are specially concerned in 
Bej)arating and elaborating certain materials derived from the 
blood, which form the special constituents of different secre- 
tions ; cells which arc capable of giving rise to currents in 
the fluid which bathes their surface, by the perpetual vibra- 
tion of minute hair-like appendages or cilia; besides these, 
there are cells with special endowments, contractile cells, cells 
whose nutritive changes arc associated with the development 
of heat, light, or electricity, or the production of the nervous 
force ; cells taking part in the reception of external impres- 
sions, as touch, taste, smell, hearing, sight; lastly, there 
exists an almost endless variety of cells in different morbid 


• " Medico-Chirurgical Review,” Vol. xii., page 286, 1863. 
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growths, which differ essentially from the cells of healthy 
tissues, of the origin and mode of groM’th of which W'c are 
in almost total ignorance. 

Although it is not possible to decide as to the function 
of a cell from its anatomical characters, it is impossible not 
to observe a certain correspondence between the forms and 
offices of cells. 

All cells possess the power of multiplying in number, 
of selecting certain materials from the bloo^ and rejecting 
others, and of appropriating certain substances, so also they 
have their periods of growth, development, and decay, and 
the death of each takes place at its ajipointed time. But 
the power of multiplying with wonderful rapidity seems 
])ccidiar to some, while the most striking character of others 
is their j)o\vcr of selecting and converting eertain substances 
into the constituents of the secretions. Some seem destined 
to absorb largo quantities of matter and pass it onwards into 
channels adapted to receive it, while not a few appear to 
serve only the puri)ose of a protecting covering to delicate j)arts 
beneath. The cell which })ossesscs a remarkable ])ower of 
multij)lication, though assuming a great variety of forms, is 
distinguished for the distinetness and number of its nuclei 
(cancer cells). The secretiny cell by its more or less spherical, 
or i)olyh(ulral form and granular contciits (cells of liver, 
kidney, pancreas, &c.). The cell concerned in absorption by 
its columnar form and by its thickened and spongy outer 
extremity (columnar epithelium of intestine, ducts of salivary, 
pancreatic, labial, and buccal glands, liver, &c.). The cell 
Avhich only serves the ofiicc of a protective covering to 
delicate structures beneath, by its flattened form and im- 
bricated or tessellated arrangement (squamous epithelium 
of skin, raucous membrane of mouth, sesophagus, vagina, 
&c., tessellated epithelium covering the surfaces of serous 
membranes, &c.) . All these cells possess the different pro- 
perties alluded to, but in somb, one predominates, while 
others are distinguished for manifesting another power in 
an exalted degree. 
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Perliaps one of the simplest forms of cells in the body is 
the blood corpuscle. This seems to be a little closed sac, 
its ’wall tolerably firm, but perfectly transparent and per- 
meable to fluids holding? various solid and gaseous sub- 
stances in solution, in both directions. It is oval or circular 
in form, and becomes bi-concavc or bi-convex according to 
the density of the medium in which it is susj)cndcd. Fluids 
of high specific gravity, and oxygen, flatten the corpuscles, 
while water, fluids of low density, and carbonic acid, cause 
them to become swollen and perfectly spherical. By allow- 
ing blood corpuscles to soak for some time in fluids of low 
8])ccific gravity, tlicj^ burst, and their contents escape. 
Upon this physical change, and the solubility of the crystal- 
lizablc material within in water, depends the success of the 
j)roccss for crj^stallizing the henuito-globulin of the blood, 
described in a former ])age. Their cellular character, and 
the fluid nature of their contents arc therefore considered 
to be proved. The cell ivall and cell cavity, however, are 
not so easily demonstrated in all cases, and 1 Ixdievc that 
many structures wliich arc now called cells, will be shown to 
consist of masses of material arranged in shapes like cells, 
but not invested with any membranous envelope. There are 
many instances in which certain materials are deposited round 
the nucleus, and not invested with any covering whatever. 
In this case the nucleus seems to be situated within a ce ll, 
wliile really it has attracted substances which are gradually 
dei)osited around it and perhaps altered by its influence, 
tliough they arc not inclosed within any membrane whatever. 
So also examples are not wanting in which granules, globules, 
and otlicr matters have collected together, and gradually 
firm, compact, cell-like masses have been formed. This 
subject will be again alluded to in its proper ])lace. 

In different specimens of sputum, small collections of 
dark granules are often found. In many cases these are, 
without doubt, mere aggregations of particles of carbon 
introduced into the air tubes during inspiration, which by 
the action of the currents produced by the vibration of the 
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cilia, become mixed with a little mucus, and at length formed 
into nearly spherical bodies which exactly resemble cells. 
Not unfrequently, the mucus deposited on the exterior so 
closely resembles a cell w^all, that it is difficult to believe 
these granules are really not inclosed in a cellular envelope. 
The flattening and gradual extension, rather than rupture, 
which these masses undergo by pressure, — the circumstance 
of their being found in all stages of growth, — and the 
action of chemical reagents, prove conclusively that they are 
formed in the manner I have described.* The so-called 
gi’anular corpuscles, compound granular cells, or inflamma- 
tion globules, appear to be formed at least in many cases in 
the same way. There is the same difficulty in demonstrating 
the existence of a cell wall in many other cases, and there is 
reason for belie vi rig that even the is nothing more 

than the aggregation of material round a nucleus. 1 have not 
been able to demonstrate the existence of a cell w^all.* It is, 
however, exceedingly difficult to understand why the aggre- 
gations of oil globnles, coloun^d particles, and other material 
in a state of minute division, should attain a certain definite 
size and not exceed this. This will l)e j)robably explained by 
further observation. The whole subject is of the greatest 
interest, and our views of cell formation, and the growth 
and development of structures, arc undergoing a gradual 
but very material alteration. In fact it is probable that 


* ** Til a \i\T^G number of aniinal*^ then, tlie contents of the tuliular ni‘t- 

work may be said to be continuous; in some it is interrupted so us to form 
iiiiisses irregular in size, in wliicb nuclei are scattered at intervals; and in 
others, tbt‘ ])articles are more uniform in size, resemble each other very closely 
in ^(‘ueral character, and each contains a separate nucleus, netween the 
iiunua'ous, wedl-dciinetl, and separate masses, or liver-ci;lls of the mammalian 
animal on the one baud, and the continuous mass wbicli occupies the tubular 
network of the iisli on the other, it is eiisy to demonstrate every intervening 
shade of difference^; and more than this, at different ]»erio<ls of develojnnent of 
the embryo, iind in various morbid conditions of the human liver, every d«?gree 
of scjiaration and of continuity may lie observed. Again, by the action of 
various chemical reagents as descrilK'd hi page 40, the distinct and separate cells 
of the healthy mammalian liver may l>e made to fuse, as it were, so as to form 
continuous masses, like those (wcupyiiig the tubular network of fishes.” — “ On 
the Anatomy of the Liver,” ]85(?, ]»age 49, 
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before long the whole cell theory will he greatly changed. 
Bearing upon this question in an important degree, are the 
researches of Mr. Rainey on the deposition of calcareous 
material in shell, bone, &c., to which the reader is referred.* 
It is not consistent with the plan of the present work, to 
describe in order the different ^ructurcs met with in the 
human body, and I shall only introduce here, as examples 
of cells, a few of those with the characters of which it is 
essential the medical practitioner should be acquainted. Pus 
and blood corpCtseles, cancer cells, &c., will be found under 
their respective heads, and it is, therefore, unnecessary to 
discuss their characters in this place. 

iia. Eitittaeiium. — The term epithelium (eirt, upon, BaWw, 
to sprout) , is usually applied to those cells which lie uiJon the 
surface of membranes, such as the skin or mucous membrane, 
and those which arc found in the cavities of glands, con- 
tinuous with these surfaces. There arc two principal variety 
of epithelial cells, 1. Those that serve the part of a pro- 
tective covering. 2. Those which take part in the separation 
or elaboration of substances entering into the composition 
of the secretions. 

In the first class may be comprised scaly, tessellated, 
columnar, and ciliated epithelium, while the second includes 
the different varieties of glandular or secreting epithelium. 

193. Scaly Epithelium can be readily obtained from the 
cavity of the mouth, and from several other situations. 

Mouth . — The nuclei of the epithelial cells from the cavity 
of the mouth arc very distinct, and c.^!! always be demon- 
strated Avithout difficidty.f If the cells be placed in a solu- 
tion of potash for a short time, endosmosis takes place, they 
become somewhat globular, and ultimately the cell wall 
dissolves. The addition of acetic acid causes the granules 
in the interior of the cell to become less distinct, in con- 
sequence of their solubility in this reagent. 

• " Modico-Cliirurgical Roview/’ Vol. xx., page 451, 

t lllustratiouB of the Use of the Microscope in Medicine/’ Sputum, 
Plate I., fig. 2. 
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Vagina . — The scaly epithelium from the vagina is com- 
posed of very large, irregular, and often ragged cells, fig. 1-1-8. 
In consequence of the flattened charaeter of the cells of scaly 
epithelium, portions of them will often be found folded upon 


Pig. 118. Fig. l-t». 



Jjurge cells of scaly cjiitlielium, from Ibc vagina. Kpitlieliuni, fnrni the. hlaildcr. a. 

Luijge cells from thi; iriffone, A. 
Columnar cells lining mucous fol- 
licles. r. From the iundus. 

each other, and creased, as it were, in various directions. 
The colls of the epidermis, as well as those of nail and hair, 
present modifications of scaly epithelium. 

174. TesHellated or Pavement Kpltheliiim. — This term has 
been applied to the cells of epithelium which form an even 
layer of uniform thickness, each individual cell being placed 
in juxtaposition with its neighbours, but not overlapping or 
exhibiting the imbricated arrangement often met with in 
the variety of epithidium just referred to. The epidermis of 
the frog presents a beautiful example of this form of epithe- 
lium ; the inner layer of the choroidal coat of the eye, 
termed the membrane of the black pigment, the cj)ithelium 
of serous membranes, of the lining membrane of the heart, 
arteries, and veins, and that of part of the j)elvis of the 
kidney, fig. 150, also present more or less of this character. 
The nucleus of the cell is usually distinct and well-developed. 

175. Glandular or Spheroidal Epithelium. — The cells arc 
of a more or less rounded form, although in many instances, 
from mutual pressure, they beesme polyhedral. It is this 
form of epithelium which takes part in the process of secre- 
tion in most glandular organs. It may be readily demon- 
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strated in the convoluted portion of the tubes of the kidney, 
fig. 151, in the sweat glands, in the secreting tubes of the 
stomach, in the follicles of the pancreas, in the liver, &c. 

Fig. ir.(l. Hg. 151. Fig. 152. 



The nucleus is usually wcll-dcvclopcd, and frequently sur- 
rounded by a considerable number of minute granules, and, 
in many instances, small oil globules arc also present. 

170. Columnar, FrlNmatic, or Cplindrical Epithelium. — The 
general characters of ‘this variety of epithelium may be well 
demonstrated by the examination of the intestinal villi, or 
Licberkuhn’s follicles. The epithelium of the gall-bladiler, 
of the ureters, and of the urethra, fig. 152, is of this variety. 
In the evacuations of cholera, tin; sheaths of the villi will 
often be found entire, an excellent opportunity for the 
e.vamination of the arrangement of this variety of epithelium 
is afford ed. 

II])on examining a cell of columnar epithelium from the 
intestine, it will often be observed that at its summit the 
cell wall is considerably thickened. The ap{)earanee some- 
what resembles that which would be produced by the pre- 
sence of very fine cilia, bujt careful observation has j)rovcd 
beyond a doubt that it is not due to this cause. Kiilliker 
has carefully investigated this subject, and has discovered 
very minute pores passing through the cell widl, and appa- 
rently filled with gi’anulcs of oil. It would seem that this 
is the manner in which the oily matter, mixed with the 
contents of the intestine, reaches the interior of the cell 
where it accumulates until globules, often of considerable 
size, are formed. 1 have long been familiar with the appear- 
ance alluded to, and have observed the thickening not oidy 
in the cells from the villi, but in other varieties of columnar 
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epithelium. I have not been able to satisfy myself perfectly 
as to the existence of distinct pores, but T believe that 
Kollikcr’s statements are correct. The yolk membrane (zona 
pellucida) of many insects, mollusks, and fishes, and pro- 
bably also of mammalian animals, is perforated by a single 
ojjening, or by a vast number of minute pores, through 
■which the spermatozoa pass, to reach the yolk within.*_ 

111. cniateii Epitbciium. — There are two principal varieties 
of ciliated epithelium, the one consisting of small cells of 
nearly the same length and breadth, and the other, of the 
prismatic or cylindrical form. Ciliated epithelium may 
always be obtained for demonstration from the back i)art 
of the frog’s mouth, or from the branchiie (the beard) of an 

ovster or mussel. The cells must be moistened with some 

- • 

of the mucus taken from the same surface, or witli some 
of the fluid in the shell surroundiug tlie animal, or with a 
little clear serum. If water be added, the movement soon 
stops, ill coiisequeiice of endosmosis taking place. In ex- 
amining ciliary movement, it is often advautagc'ous to place 
the smallest (juaiitity of lampblack or carmine with the (*('lls, 
so that the dirc^ctioii of the current produced by the ciVni 
can be clearly diunoiistrated by the movement communicated 
to the insoluble particles. 

In the human subject, ciliated epithelium is found in the 
following situations : — On the surface of the ventricles of the 
brain and on the choroid plexuses; on the mucous membrane 
of the nose and its sinuses;# on the upper and posterior 
part of the soft palate, and in the Eustachian tube ; in the 
cavit)’^ of the tympanum ; on the membrane lining the 
frontal and sphenoidal sinuses ; on the inner surface of the 
lachrymal sac and lachrymal canal ; on the mucous mem- 
brane of the larynx, trachea, and bronchial tubes • upon 
the os uteri; within the cavity of the uterus; throughout 
the whole length of the Fallopian tubes, and upon their 
fimbriated extremities. About seven years ago I obtained a 


* Sec ** Micropyle,” Todd and Bowman^s Phyniology, Vol. ii., page 569 . 
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beautiful specimen of ciliated epithelium from the lining 
membrane of a large ovarian cyst. As far as I was able to 
make out, the cysts were originally developed in the ovary, 
and were not formed from the Fallopian tube. 

17». False Cells. — Under this head I would include all 
those structures which resemble, and indeed often cannot be 
distinguished from, true cells, but which possess no proper 
cell wall. Many cell-like structures consist of granular 
material,oil globules, or even perfectly transparent albuminous 
matter aggregated together sometimes siround a nucleus, 
but in many instances this structure is altogether absent. 
Not uncommonly, viscid matter is deposited external to the 
mass, and thus a sort of cell wall is ultimately formed. 
Microscopical observers are familiar with the presence of a 
multitude of ccll-like bodies, which consist of mere collections 
of oil globules, &c., so as to form masses varying consider- 
ably in sizt!, and usually of an oval or spherical form. The 
aggregation of such particles probably dc))cnds u])on physical 
changes, and in some instances is doubtless due to the 
attraction of gravitation. Professor E. II. Weber has shown 
that wlnui solutions^jf resinous substances arc made to take 
place very gradually by the addition of a drop of alcohol to 
water, holding the substance in suspension in a stjxtc of very 
minute division, between two pieces of thin glass, certain 
currents are produced in definite directions during admixture. 
At the points of rest where two such currents meet, the 
undissolved particles arc deposited, and thus the most regular 
figures, not unlike many forms of vegetable structure, 
are produced.* Indeed cell - like bodies arc very often 
formed in fluids out of the body. 1 have very frequently 
observed them in solutions of organic fluids undergoing 
cvapoijp,tion. Although the solution was at first perfectly 
clear and free from any solid particles whatever, as evapora- 

* K. II. Weber, Mikroscopischt' BcK^baclitungen schr gesetzmasaiger 
Bewegungeii, welche die Bilduiig von Nietlerschlagen liarziger Kbrper axis 
Weiiigeist l)eglciteii.” BiTieht^? iilwr die V erliandlungcn der k. Saehs. Gcsellschait 
dor Wissensebafben, zu Leipzig, Math. Physisch. Classc, 1855, scitc 67. 
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tion proceeded, certain materials "were deposited in a minute 
state of division. Owing probably to the motion of the 
fluid taking place during its concentration, these became 
aggregated into small collections. If I had observed these 
in certain fluids some years ago, I fear they w'ould have been 
set down as cells. The collections of dark granular car- 
bonaceous matter often met with in the bronchial tubes 
and many forms of the so-called granular corpusclesj and 
similar structures met with in sputum, are examples of false 
cells formed in the organism, to the charac’ters of which, 
special attention should be directed. ]\I. Ilartig, in a 
paper on aleurone, a substance closely allied to starch, calls 
attention to such masses, which are seen in any liniment 
composed of oil and ammonia.* Such appearances are very 
liable to mislead, and it is the duty of every microscopii^al 
observer to study the circunistauccs under wdiich such fal- 
lacies are now known to arise, and thus to avoid the intro- 
duction of erroneous observations and false conclusions, 
which, having once been received as facts especially in eases 
in w'hi(!h tbe course of investigation has not been described 
in detail, it may ever afterwards be impossible to correct. 

I9». Demonstrat ion of Cell Structures. — For the most j)art, 
cells arc readily demonstrated. Care must, however, be 
taken that the medium in which they are placed docs not 
produce a physical alteration. If, for instance, cells be 
immersed in a fluid, the density of which is less than that 
in their interior, endosmosis will occur, in consequence of 
which, distension will take place, and in many instances 
the rupture of the cell wall wdll result. Ou the other 
hand, if the density of the external medium be greater than 
that of the fluid in the interior of the cells, exosmose of 
the contents of the latter will occur, and the cell will 
become collapsed and shrunken. A fluid of the specific 
gravity of 1015—1030, will be found to be of the proper 
density for examining cells generally; but of course no 


* “ Aleurone.” — “ Annalos dcs Sciences Naturelles,” 1857, page 348. 
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f^cncral rule can be given on this head. Such a fluid, how- 
ever, must l)c composed of a soluble substance, which 
although it increases the density of the solution, has yet no 
elieniicral action upon the cells. vMljumen, sugar, gum, and 
glycerine, are the most advaiitag('Ous substances for this 
purpose. I'lie t^fl'eet is oft(Mi as well produced by a viscid 
solution as by one of high specific gravity. Glycerine, from 
its highly refractive properties, is sometimes inadmissible, 
in which case, the solution of white of egg and ivatcr, or 
ordinary s(Tum, may be emjdoycd. Solutions of albumen, 
although of very low specific gravity, arc very slightly ])cr- 
njcabh;. It must be borne in mind that very small (piantitics 
of syrup or glycierinc have the power of increasing the 
density of a fluid in a very material degree, while com])ara- 
tively large (juantities tjf albumen may be held in solution 
without the specifie gravity being much increased. Albumen, 
from its slight power of ])ermeating animal membrane, is 
admirably adapted for the examination of delicate cellular 
struetim^s. A solution of albumen, however, must be used 
perfectly fresh. 

The microscopical examination of epithelium does not 
usually present much diflicidty. The surface from which the 
epithelium is to be taken is gently scraped with a knife, and 
a small j)ortion removed upon the blade. If necessary, it 
may be moistened with a drop of water, or Avith a solution of 
sugar, or serum, if the cells are delicate and there is danger 
of rupture from endosmosis. Generally, however, the addi- 
tion of fluid Avill not be necessary. The chief reagents Avhich 
Avill be found of use in the examination of epithelium, are 
acetic and nitric acids, strong and weak solutions of potash 
and soda, and tincture of iodine. Epithelium is not soluble 
in boiling water, alcohol, ether, ammonia, or dilute mineral 
acids ; it is for the most part soluble in strong solutions of 
caustic soda and potash, and in strong acetic acid. Most 
forms of epithelium will be found to keep very well in the 
naphtha and creosote solution, or in a dilute solution of 
chromic acid. 
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180. Of the ITHe of Carmine In Demoii$»tratlnflr the Nuclei 
of Cells. — Different plans for demonstrating the nucleus of 
cells have been already described, and the importance of 
acetic acid and alkalies in rendering the granular cell wall 
clear and transparent, has been alluded to. I must not 
omit, however, to call attention to the value of a mode 
of investigation which has been employed of late years. 
This consists in soaking the structure to be investigated, in a 
very dilute solution of carmine and ammonia. It is very 
curious that even for long after the removal of the cells 
from the body, the nucleus seems to possess the power of 
attracting the coloured material, and will be found very 
much more deeply coloured than other parts of the cell. 
This striking alteration of the nucleus seems to show that 
it still retains the powder of attraction at a time long after 
its death has taken place, at least according to our present 
notions of the period at which this occurs. The wdiolc 
subject is full of interest, and well worthy of patient and 
attentive study. Dr. llarlcy was kind enough to give me a 
beautiful specimen of the cells of the suprarenal capsuh^s 
prejjared in this manner, which disjdays the nuclei vtny 
Scatisfactorily. 

The plan of colouring tissues by imbibition, w’as first 
adopted by Dr. AVchrkcr, in his researches on elastic fibres 
and muscle.* It is only necessary to add to a little carmine 
a few drops of ammonia, when a very dark red solution is 
produced. This is thickened with a little gum, and diluted 
with water. The lower part ol* the tissue to be coloured, 
is placed in the solution, which gradually rises by im- 
bibition into that part above the surfaccj of the fluid. The 
coloured material is always dci)osited in the nuclei in greater 
quantity than in other parts of the texture, so that these 
are of a dark red colour, while the rest of the cell and 
surrounding textures are only slightly tinged of a delicate 
pink colour. 


♦ Henle and Pfenffer’s -- Zeitsohrift/’ N. P. Vol. viii., p. 225. 
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i«i. FibreH. — The term fibre, as applied to mieroscopieal 
objeets, has not been well defined. Thus, the distinet cylin- 
drical elementary cords of yellow elastic tissue, have been 
well named “ fibres,” while the elementary muscular fasci- 
culus totally distinct from them in anatomical characters, 
has been termed a “ fibre This word has also been applied 
to the delicate line-like markings seen when a band of white 
fibrolis tissue is examined. Although this seems to be com- 
posed of a collection of minute threads, it is doubtful how 
far these are apparent or real, and it is impossible to separate 
a band of white fibrous tissue into a number of minute 
individual elementary fibres. This tissue may he truly said 
to exhibit a filrrous appearance under the microscope, but it 
is not possible to split it into fibres of any determinate size. 
At the same time, tlffe term fibre in the minds of most, 
has a definite meaning attached to it. By fibre is under- 
stood the elementary cords of a number of which many 
tissues arc composed ; the fibres may pass in various direc- 
tions, interlace with each other, or be completely coiled up, 
but they must consist of the same structure throughout. 
In this sense, the term would seem inapplicable to the 
elementary muscular fasciculus. Structures presenting a 
granular and fibrous appearance, are represented in Plate IT. 

Whenever we observe lines parallel to each other, much 
curved, or interlacing in every direction, whatever their 
length may be, we speak of this as a fibrous material, and 
say that the tissue has a fibrous texture. White and yellow 
fibrous tissue arc represented in figs. 155, 15G. 

192. Of tlie manner In wlilcb Fibrous Appearance may be 
produced. — The fibrous appearance is very often fallacious 
— thus, a delicate membrane arranged in a number of plaits 
or folds, may be mistaken for fibrous tissue. Capillary 
vessels, when quite free from blood and stretched somewhat, 
have a fibrous appearance ; but it is hardly necessary to say 
that no real fibres can be demonstrated. In describing 
appearances seen in the microscope, it is important to ascer- 
tain whether the appearance is produced by the presence 
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of real fibres, or merely depends upon striations caused 
by the mode of development and groivtli of the tissue. 
The delicate material existing between the basement mem- 
brane of a gland tube oif follicle, and the capillary vessels, is 
often spoken of as a fibrous matrkVy^ but at least in many 
cases in which this term has been employed, the fibrous 
appearance has been due merely to the crumpling of the 
capillary walls and basement membrane in conse(|ucnce of 
pressure. If the vessels be injected with a perfectly trans- 
parent fluid, such an appearance is no longer visible, in eon- 
sccjuenec of the thin transparent membrane of which the 
capillaries arc composed, bcin§ })ut uj)on the stretch. The 
most perfectly transparent raatc^il when thrown into longi- 
tudinal parallel folds^ exhibits a striated appearance which 
without very careful ('xaminatiou woifld ccrtaiidy, but impro- 
perly, be termed fibroits. 

183 . Meiiiiiraiie. — This term is applied to a variety of 
structures. Jiasemeut membrane is restricted to that clear, 
transparent, and excessively thin expansion, which sc'parates 
the epithelium from the vessels and other structures beneath 
it. The term limllary membrane has also been used, but it 
possesses no advantage over the former. The general (dia- 
raeters and disposition of basement membrane in tlic diHei’cnt 
glands, has been described by Mr. Bowman in his w(dl- 
known article Mucous Memhrane^^ in the Cyclopmdia of 
Anatomy and Physiology,^^ published in the year 1815. 
Since the appearance of this article, but little has been added 
to our knowledge of the intimate structure and arrange- 
ment of this widely-distributed tissue. 

Basement membrane is a perfectly clear transparent, and 
apparently structureless membrane often of extreme tenuity, 
so thin, that its thickness cannot be measured, though it is 
certainly less than the 1 -20,000th of an inch. This struc- 
ture, although it contains no holes, permits fluid to pass 
through it. 

Perhaps the best organ for examining the characters of 
basement membrane, is the kidney. A thin section may be 

M 
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cut with a sharp knife, or Valentin’s knife, and after being 
well washed so as to remove the epithelium, the basement 
membrane of the tubes, and the vessels, alone remain. 
Frequently empty transparent tubd^ may be seen projecting 
from the edges of the section, and the membrane of which 
they are composed is sufficiently firm to prevent the tube 
from collapsing. In the finest ducts of the liver the 
basement membrane is of extreme tenuity, although its 
presence may be satisfactorily demonstrated in injected 
specimens. 

In disease this membrane is liable to undergo great 
alteration. It may increas? in thickness to such a degree, 
as to be nearly impermeable to fluids which passed through 
it very readily in health, it may become granular from the 
deposition of albuminohs, calcareous, or oily granules. Oil 
globules may be deposited in it. It may be separated from 
the capillaries which supply it by collections of oil globules, 
the accumulation of fluids, or by the effusion of material in 
which cells diflering in every respect from those found in the 
parts in health, arc developed, or which becomes converted 
into a new tissue. Or it may be rendered so brittle, that it 
gives way in many places under slight pressure ;• and when 
examined under the microscope, it is seen to contain a number 
of pores or apertures. Such a condition occurs in the lung 
tissue in some cases of emphysema, as was demonstrated by 
Mr. llainey. Besides being spread out as a smooth expan- 
sion covered with epithelium, the surface of the basement 
membrane and structures associated with it, are frequently 
increased by being thrown into deep projecting folds, or pro- 
longed into little tongue-like processes pr^ecting from the 
general surface. On the other hand, there may be a folding- 
* in of the membrane to form little crypts or follicles, which 
are of course hned with epithelium. Such is the structure 
of the simplest form of gland. The more complex glands 
differ principally in the increased extent and more com- 
plicated arrangement of the interior of'the follicle. This 
simple inflexion of mucous membrane increased very much 
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in depth becomes a tubular gland. When the tubes are 
connected together by transverse branches, we get a network. 
If the follicle be supposed to be divided into numerous 
small cavities by incomplete septa, while its aperture is altered 
into a constricted tube or duct, we have a follicular gland. 
If a number of these follicles be arranged together, a con~ 
glomerate gland ^ like the salivary, pancreatic, or mammary 
gland, is formed. 

In all these cases the basement membrane is the struc- 
ture to which the form of the gland is due. Take a tubular 
gland like the kidney for cxamjde ; we may remove the 
Avhole of the epitliclium from the interior, and a simple tube 
of basement membrane remains^ This membrane always 
intervenes between the epithelium and the capillary vessels, 
and through it everything separated from, or absorbed into, 
the blood, must pass. It has no visible holes, but is 
readily permeable to fluids. In many cases it permits the 
transudation of fluids in both directions; in other instances 
only in one, and sometimes it Fig. 153. 

allows one fluid to pass in one 
direction, and another in the 
opposite. Its properties may 
become so altered, that it will 
allow a fluid to pass through 
which it retains in the healthy 
state, — or the transmission of a 
fluid which in the normal state 
takes place with the greatest 
rapidity, may be entirely prevented by an alteration in its 
structure j it is often many times its natural thickness ; it is 
granular instead of being perfectly transparent ; it may be 
striated, or numerous oil globules may be deposited in or 
upon it. 

It is therefore very important to be able to demonstrate 
this structure in health, and to be familiar with its appear- 
ance. It can always be seen in the uriniferous tubes of the 
kidney and in most glands, but in some, its tenuity is such 



tube. 


BaBcntent nienibranc of uriniferoiiii 
The epilhulium liaa hero reiiuivcU. 


h. UriuiferouB tube, Hhowint outline of Imae- 
€iicpt ijieuibraiic, u ilh epithelium in situ in 
iU interior, c. !:>iiigle epithelium cell, x 315. 
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that it is demonstrated with great difficulty, and in many 
places it cannot he obtained as a distinct membrane at all. 

1S4. Capillaries. — The capillaries are tubes composed of 
delicate membrane in which the blood is distributed to the 
various tissues. The material to nourish the tissue must 
pass through tlie capillarj'^ wall from within outwards, while 
the substances resulting from the disintegration of the tissues 
must pass in the contrary direction. At definite intervals, 
often on alternate sides of the tube, arc situated the nuclei, 
but whether these take part in the changes alluded to, or are 


Fig. iri4. 



(bipiUtiry vcsbpIs from tlie M nliiighiim tuft of tlic lmmnu kidney, which hud been injected with 
dilute rruHsiiii) blue injection, shuwing nuclei connected with tlicir wsiIIb. «. A few roils separated 
from Ibe rest of the tuft. h. A portion of n loop soniewliat compressed, showing the nuclei a 
little llattene.d. c. Tiksuc which connects the, coils with each otlier, and thus nreservea the 
globular Ibrm of the tuft even when entirely scpuraled from the kidney, d. A Binall portion of a 
capillary iirc^siul as much as jioaBiblc, Bhowiiig the thickness of the* capillary w'JiJJ at tlie jioint 
of reduplication, e. x ‘f(i3. 

simply couccrncd in the nutrition of the capillary itself, is 
unknown. From the great number of these nuclei in some 
capillaries set apart for a special purpose, as in those of the 
Malpighian tuft of the kidney, one would be led to infer that 
they perform an important office. 

The blood is carried to the capillaries by the arteries, 
and returned to the right-side of the heart by the veins. 
These channels are immediately continuous with each 
other, and the various structures of which the arteries and 
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veins are eompose^, gradually cease as the capillaries arc 
ajiproached. 

The distribution of capillaries is different in every tissue, 
and the number of tliese vessels varies very greatly. Those 
struetures in which active changes arc going on being largely 
supplied with blood, Avhilc those in w’hich the nutrition 
changes are slow, contain few vessels. Cartilage and fibi’ous 
tissue are probably the least vascular tissues of the body," and 
their anatomical elements are separated from the blood by a 
considerable distance. The liver is one of the most vascular 
organs, and ev’cry part of each secreting cell is within about 
l-300()th of an iuch from the blood, while the surfaces 
of most of the cells are only separated from it by a mem- • 
branous interval, less than the 1-1 0,000th of an iuch in 
thickness. * 

The capillaries cannot be juoperly examined unless they 
have been previously injected. If tlu; observer wishes to 
examine their walls, or desires to ascertain the relation which 
they bear to adjacent parts, they must be injected ivith a 
transparent injection, and examined iu fluid in as fresh a 
state as possible [vide page 07). 

The changes taking place in the tissues, cajnllary vessels, 
and blood, in the early stages of inflammation, have lately 
been carefully investigated by Mr. Lister, ■whose paper lately 
read before the Iloyal Society should Ijc consulted.* 


* On tht‘ Early Stages of Iiiflamnytkm/’ by Josojib Lister, M.IJ.C.S., 
<&:c. Proceedings of the Koyiil Society/^ June 18th, 1857. 
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CHAPTER V. 

Of Demonstrating the Anatomy of the Tissues, and the 
changes they undergo in Disease. — Areolar Tisstie. — 
White and Yellow Fibrous Tissue. — Adipose Tissue . — 
Cartilage. — Bone.— Bony Tumours. — Myeloid . — Vessels. 
— Atheromatous and Calcareous Deposits in Arteries . — 
Muscular Fibre. — Fatty Degeneration of Muscle . — Un- 
striped Muscle. — I^erves. — Mucous Membrane. — Serous 
and Synovial Membranes. 

I8S. Areolar tinmuc can always be obtained from bencatli 
the skin, and mucous membranes, or from the external coat 
of tlic arteries. In some situations it is lax and very abundant. 
It may be blown up with air, and dried to show the areolae 
or spaces in which it is disposed. If the vessels be injected 
with plain size, the areolae become distended with it, and 
when cold, very thin sections may be easily cut which show 
the arrangement of the fibres in the most beautiful manner. 
It consists of two elementary tissues — the white fibrous 
tissue and the yellov} fibrous or elastic tissue. It is fre- 
quently associated with adipose tissue, but beneath the skin 
of the eyelids and scrotum, and in some other situations, it 
exists free from fat. The medulla, or marrow of bones, is 
an example of adipose tissue without any traces of areolar 
tissue. 

180. White Fihrous Tissue can be readily obtained free 
from the yellow element in tendons and many fasciae. In 
the former, its fibres are 8%htly wavy, but parallel to each 
other. It can be split up indefinitely, and does not appear 
to be composed of minute fibres. This fibrous appearance 
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is destroyed by the aetion of acetie aeid and alkalies, and is 
rendered less distinct if the tissue he soaked in glyecrine. 
Upon the addition of water, the tissue resumes its ordinary 
appearance. White fibrous tissue is very opaque, and in 


Fig. 165. 



White fibrous tissue unravelled, 
from a tenduu. 


Fig, 156. 




Yellow fibrous tissue, the fibres 
of which have been unravelled, 
from the ligunieuturii nuclue of ii 
sheep. 


order to demonstrate its characters well, it is desirable to 
cut a very thin section, unravel it with needles, and subject 
it to moderate pressure under the thin glass. 

181. Yellow Fibrous Tissue may be obtained, perfectly 
free from the white fibrous element, from the ligamentum 
nuchae of any animal, from arteries, or from the clastic 
ligament to which the retraction of the claw in the cat and 
other feline animals is due. It consists of circular fibres 
disposed to curl up very much, and not easily broken or 
destroyed by the action of reagents. In areolar tissue the 
fibres are very long and branching, after the manner of a 
network ; in the ligamentum nuchae they are parallel to each 
other : in the longitudinal fibrous coat of the arteries they 
are parallel and extremely delicate ; in the circular coat they 
are coarse, and the material is often disposed in ragged 
laminae rather than in distinct fibres. 
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Yellow fibrous 

I'ig. 157. 


iriic yellow fibrous tissue in the ligamentum nucliic of 
the giraffe exhibits transverse striae (Quekett), and, according 
to Mr. Brooke, a somewhat similar appearance is sometimes 
observed in the fibres which have escaped digestion and are 
found in the fa:ces. 

tissue resists decomposition. It is with 
difficulty acted upon by the strongest 
chemical reagents, neither is it dis- 
solved by the gastric juice. It is 
often broken up into small shreds in 
the alimentary canal without under- 
going complete solution. In children 
these fragments of yellow elastic tissue 
have been frequently mistaken for 
thread W'orms, from which their micro- 
scopical characters would at once distinguish them. 



T’ihrrs of yellow elastir tissue, 
from ihf. aVroiuni of u imiii, 
operated on by Mr. Ferj;tisson, 
III (liiH eaB(^ the areolar tissue 
liail undergone considerable 
bypertropby, X 215. 


The dcrelojnmni of these tissues may be studied in 
almost any embryo. For the investigation of the arrange- 
ment of the cells of development, glycerine, with a few drops 
of acetic acid, will be found the most advantageous solution. 

Many tumours and morbid growths are composed of a 
modification of areolar tissue. Both the white and yellow 
element, are, however, in most cases coarser than in healthy 
areolar tissue. Such growths are often very firm and un- 
yielding, with few vessels distributed to them. The inves- 
tigation is conducted in the same manner as in examining 
the healthy textures. 

188. Adipose Tissue. — Adipose tissue may be examined by 
cutting off a thin section, and placing it with a little water 
between two pieces of glass, care being taken not to allow 
the thin glass cover to press upon it. The surface of one 
of the sinalhrst collection of fat cells which can be found, 
should be subjected to examination as an opaque object. 

The mesentery of small nnimals is the best place for 
obtaining good specimens of adipose tissue, — and being pro- 
tected by the transparent peritoneal covering, the relations 
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and form of the fat vesicles are not altered. In this situa- 
tion, too, the nucleus of the vesicle may often be demon- 
strated, and cells in every stage of growth can easily he 
found. Such a preparation, the vessels of which have been 
previously injeeted with Prussian blue fluid, will aflbrd an 
opportunity of demonstrating all the peculiarities of adijiose 
tissue. Near the ovary of the newt and many other batrachia, 
there exists small collections of adipose tissue. The vesicles 
are much shrunken during the spring, when the ova arc 
increasing in size, and at this time the nucleus is beautifully 
distinct in each vesicle. The nuclei of the cells may also be 
seen very distinctly, especially in starved fat cells, after treat- 
ment with a little acetic acid. 

Frequently the more solid portion of the contents con- 
sisting of margarine and margaric acid, will crystallize on 


Kig, 15S. 



Fig. 159. 



Large fat vesicles, with crys- 
tals of Tiiargariue, from u I-irgg 
tumour coniiccleil with the tes- 
ticle, rcniovcU by Mr. Fergusaon, 
X 130. 


Fig. 100. 



Ailiposc tissue, from tlu; 
abdoiniiiul cavity of a newt, 
near tin- situation of the ovary. 
Hie nuclei of many of Mn* fat 
vesicles arc uuusuiilly distinct, 
X 215. 


the surface of the more oily fat in small acicular crystals, 
which radiate "from a centre forming a star-like mass, 
fig. 159.* 

* See also Todd and Bowman’s “ Physiological Anatomy.” 
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Adipose tissue should be examined by low as well as by 
high powers (a two inch, or an inch, and a quarter of an inch 
object-glass), and by reflected as well as transmitted light. 

Fat cells are not unfrequently found degenerated in 
emaciated subjects, the fat having much diminished in 
quantity, and the greater part of the cell being occupied 
with a serous fluid, which, however, exists in very small 
proportion in a state of health. Under these circumstances 
the nucleus is often very distinct. The cell may also be in a 
shrivelled condition, and of a more irregular or angular 
form. The fluid in its interior has been found to contain 
granular matter with many small oil globules. 

18 ». cartiiase. — The characters of cartilage are very 
easily demonstrated. A thin section may be placed in water 
or glycerine. Specimens should be taken from the larynx, 
trachea, the ear, the ribs, the articular cartilage of joints, 
and the fibro-cartilagc between the vertebras and in other 
situations. The car of the mouse afibrds the best example 
of cartilage consisting almost entirely of cells. . The thin 
part in the upper extremity of the cartilage is very favour- 
able for studying the nutrition and mode of growtli of the 
cells, the intercellular substance or matrix being very small 
in quantity in this variety of membrauiform cartilage. 
Specimens of cartilage keep very well in dilute spirit and 
water, creosote fluid, and many other solutions, but on the 
whole I prefer glycerine as a medium for their preserv'ation. 

In preparing sections of articular cartilage, a strong 
knife should be used, in order that a small portion of the 
subjacent bone may be obtained in connection with it. In 
disease, fat globules are often found in considerable number 
in the cartilage cells. ' In certain cases of degeneration of the 
margin of the cornea, arcus senilis, the change is associated 
with fatty degeneration of the muscles, cartilages of the 
ribs, larynx and other tissues, as my friend Mr. Canton has 
recently shown. 

Morbid growths, closely resembling ordinary cartilage in 
structure, were first described by Muller under the term • 
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enchondroma. They arc most frequently connected with the 
bones of the extremities, but are occasionally developed in 
glands and soft parts. In their general characters and 
minute structure they closely resemble cartilage, but the 
arrangement and number of cells vary greatly in difiFerent 
specimens of the morbid growth. 

In the pulpy degeneration of cartilage, the softening 
seems to be due to an increased growth of the cells. Pro- 
fessor Goodsir showed that the cells were augmented con- 
siderably in size, and contained a number of smaller ones in 
their interior. The different stages through which these 
cells pass in their development, have been well described by 
Redfern.* 

loo. Bone.- — Sections of bone arc obtained in the manner 
alluded to in page 61 . It is desirable to make sections of 
the whole extent of the compact tissue. The observer will 
notice in thin sections, even of young bones, spaces of very 
different sizes, resulting from dividing a number of tubes 
(Haversian canals) in which the vessels, which are distributed 
to the compact tissue, run. Now it appears from the beau- 
tiful researches of Messrs. Tomes and He Morgan, that this 
solid, hard, compact tissue is perpetually undergoing removal 
and repair. An Haversian canal increases in diameter by 
the gradual absorption of the concentric lamclhc of bone 
which surround it, and after a time, a large space is formed, 
(Haversian space). When this space has reached a certain 
size, new bone is deposited, commencing at the circum- 
ference and gradually proceeding towards the centre, until 
the space has regained its small size and is again converted 
into a narrow canal. The interstitial lamina upon this view 
are very readily accounted for. They arc, doubtless, the 
remains of old Haversian systems only partially absorded.t 

The growth of bone is investigated in young animals by 
mixing madder with their food. In a very short time (even 
a few days) the madder, which* has an affinity for phosphate 

* “ On Anormal Nutrition in the Human Articular Cartilages,” 1852. 

t “ Phil. Trans,,” 1853. 
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of lime, is deposited in those parts of the bone nearest to 
the vascular surface. Young pigs are the best animals for 
experiments of this kind. 

The arrangement of the vessels may be investigated in 
the bones of an animal which has been injected with Prussian 
blue fluid. It is well to add an excess of hydrochloric acid 
to the solution. After the injection is complete, the bone 
may be soaked in dilute hydrochloric acid (one of acid to 
five of water), to dissolve out the earthy matter, when the 
soft tissue which remains can be readily cut into thin sections 
in various directions with a sharp knife. 

Not unfrequcntly the vessels of bone arc found distended 
with blood, thus producing a natural injection. It is difficult 
to cut and grind the section thin enough for examination 
without altering the masses of dried blood, but with care 
this may be effected. My friend Mr. White has given me 
some beautiful sections of the antler of the stag, in which 
all the vessels of the Haversian canals still retain blood. 

Sciitions of bone may be preserved dry, in aqueous fluids, * 
or in Canada balsam. The dark appearance of the lacunae in 
sections of dried bone is entirely due to their containing air. 
Their apparent solidity led Purkinjc, their discoverer, to call 
them //one corpuscles, but their true nature is easily proved 
by treating the section with a little turpentine, which in- 
sinuates itself into the canaliculi and fills the lacunae, di'iving 
out the air before it. The bone then appears perfectly clear, 
and it is exceedingly difficidt to make out lacunae at all. If 
the bone be dried, it regains its former appearance. 

If a thin section of bone be immersed in thick balsam, 
the lacunae still retain their dark appearance, in consequence 
of the balsam being too viscid to penetrate the canaliculi 
and expel the air. 

lOl. Examination of Osseous Tumours and Bone > like 
Structures. — Sections of bony tumours, which have the struc- 
ture of true bone, and of the hard plates, such as those 
frequently deposited in arteries, which are merely yiasses 
of calcareous matter deposited in a lamellar form, may be 
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obtained in the same way as sections of bone. Good sections 
of tumours which have jiartly an osseous, and partly a 
fibrous or fibro- cartilaginous consistence, arc very diflBcult to 
make ; but a thin section may generally be removed with a 
strong knife, in such a manner as to cut through both the 
fibrous and ossified portion, if the latter is not very hard and 
abundant. The facility of this operation is sometimes in- 
creased l)y drying the tumour, and after removing a section, 
re-moistening it with water. 

In examining growths of this description, we may dissolve 
out the ossific matter with hydrochloric acid, in the same 
way as in investigations on bone and teeth.* 

loa. Mycioiii. — This term was applied by Mr. Paget to a 
soft, pul])y growth which probably has its origin in the bone 
itself. It often presents many of the characters of soft 
cancer, but its mode of growth, its history, and its anatomical 
characters distinguish it from tumours of this description. 
Cells differing considerably in sbajic and size, but contain- 
ing a vast number of nuclei, arc present in these tumours. 
These cells closely resemble certain nucleated cells which 
Avere originally described by Professor Kcilliker, and arc 
found in the medullary cavity of foetal bones, and to a less 
extent CA'cn in adults. 

Myeloid tumours arc more common in connection with 


Fig. 161. 



Myeloid cells from a soft tumour at the lower end of tlic shaft of the femur, x 220. 

From a drawing by Mr. llulke. 

the jaw-bones, and certain forms of epulis have a myeloid 
structure. Mr. Paget has described such tumours connected 


* Ou the examination of liard tissues, reference may he made to tlie follow- 
ing works ; — Kdlliker, op. cit.; Paragraphs at the end of each article on the 
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with the bones of the skull, and they arc not uncommon in 
those of the lower extremities. The microscopic characters 
of these tumours have been very carefully described by 
Mr. Gray,* and an excellent example of the disease has 
been reported by Mr. Hulke."!* 

103. Examination of 'Vesticlii. — The smaller vessels may be 
examined entire, and present beautiful objects for micro- 
scopical observation. A portion of the mesentery of a child, 
or of one of the lower animals, or a small piece of the pia 
mater may be selected ; or one of the smaller arteries of the 
brain may be freed from cerebral matter by gentle washing 
in water, and placed in the microscope, with the usual pre- 
cautions. If the specimen be treated with a drop of acetic 
acid, the nuclei of the contractile fibre cells, and, in some 
cases, also those of the epithelial cells, on the lining mem- 
brane arc brought into view. 

In order to make out the fibre-cells of the contractile 
coat described by Kolliker, a little care is necessary. To 
eflcct this object it is better to take an artery of moderate 
size, which iff not quite fresh, but at the same time in which 
decomposition has not commenced. The artery is to be 
slit up, and its inner part removed by careful scraping. 
Small portions of the subjacent elastic tissue arc then to be 
removed, carefully torn up by the aid of fine needles upon a 
glass slide, moistened with a little w'ater, and placed in the 
microscope with the usual precautions. The spindle-shaped 
or muscular fibre cells are also to be obtained from the 
veins. The vein from which they may be most readily pro- 
cured is the renal vein. Many of the fibre cells contain 
distinct nuclei, which are rendered very clear upon the 
addition of a little acetic acid. 

Proimration of Specimens; Quekett, op. cit,; Totld and Bowman, op. cit.; 
Strauadurkheim, op. cit.; and articles in the Cyclopajdia of Anatomy and 
Physiolojj^.*' 

* “ Transactions of the Medico-Chirurgical Society,*’ 1856. 

t “On Tumours connected with Bones.** — (Archives of Medicine, No. II., 
page 104f, and Plate XIII.) See also a memoir by C. Robin, “Sur I’Existence 
de deux eBlI^ces Nouvelles d’Elemcnts Anatomiques qui se trouvent dans le Canal 
M<^ullaire des os,” Paris, 1849. 
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I have obtained beautiful specimens of the muscular 
fibre cells arranged circularly round the arteries by injecting 
the vessels with plain size, and grscdually increasing the force 
so as to distend them as much as possible without rupture. 
In this manner the cells are, as it were, gradually unravelled. 
When cold, thin sections may be very easily made in various 
directions, and even isolated fibre cells can be obtained. 
The arrangement of the muscular fibre cells in ^e smaller 
vessels, has lately been carefully investigated by Mr. Lister, 
to whose researches, published in the “ Transactions of the 
Royal Society,’^ the reader is referred.* 

l®4. Small Vessels of the Kidney. — A thin section of the 
cortical substance of the kidney often displays the minute 
vessels very well. The examination of the vessels in this 
organ is of especial interest, bccaifse they are known to 
undergo important alterations which could not be detected 
unless the observer were previously well acquainted with 
their appearance in health. If a section of a healthy kidney 
is to be examined, with the view of observing the characters 
of the minute vessels, it will be better to wash the pn'para- 
tion previously in water, or with the wash- bottle, fig. G l, in 
order to remove as much as possible of the epithelium 
of the renal tubes. Upon the addition of a drop of acetic 
acid the vessels arc at once brought into view. It will now 
be noticed that the coats of the veins everywhere appear to 
be very thin, being represented only by a defined line on 
each side of the vessel, while the arteries are at once re<^g- 
nized by the greater thickness of their walls, and by the 
distinct arrangement of the nuclei of the circular and longi- 
tudinal fibres. All these points may, however, be observed 
much more satisfactorily in sections removed from a specimen 
which has been injected with Prussian blue fluid. 

The coats of a healthy Malpighian artery appear to be 
about the fifth or sixth part of the total diameter of the 
vessel, but in disease the vascular wall may have increased 


* " Transactions Ro^al Sodety of Edinburgh,” Vol. xxi.. Part iv., 1857. 
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in thickness to such an extent as even to equal in width the 
canal itself, and to be as much as one-third of the diameter 
of the vessel. The most perfect specimens of 
this morbid condition are to be ojitained from 
the small contracted kidneys of intemperate 
persons. This change is described by Dr. John- 
son,* to whom I am indebted for the advantage 
of having seen many excellent examples of 
it. Fig. 163 represents tlie appearance of a 
portion of a Malpighian artery considerably 
thickened, but not to such a degree as often 
occurs. The thickening of the walls is well 
shown in injected specimens. 

lOS. Minute TchmcIm of tlie Brain anil other OrKans. — A 
knowledge of the ^pearance of the minute arteries of the 
brain in a state * health is especially important to the 
morbid anatomist, because iu disease these vessels are not 
uiifrequently found to have undergone a very important 
change, which must necessarily much interfere with the 
discharge of their functions. In cases of white softening 
of the brain, this change is very common ; indeed in such 
instances it is, I believe, rarely absent. If we tear away 
some of the smaller vessels from the softened portion, and 
after washing them iu water, place them in the microscope, 
we shall often find at short intervals, collections of minute 
oil globules, easily distinguished by their high refracting 
pq^cr, fig. 163. These may form small aggregations of 
globules at short intervals, or may extend entirely round the 
vessel for some distance. With regard to the exact position 
of the granules or globules connected with the capillaries, 
much diflerence of opinion has been expressed. Some hold 
that they are situated upon the internal surface of the wall 
of the vessels, others consider them to be in its substance, 
while many contend that they are always external to the 
vessel. Professor Bennett regards them as originating in an 


Pig. 182. 



Small artery 
from tlic kir(- 
ney, fukni from 
ncHHcof clironic 
nepliritin, mIioW' 
injr iiifTcaHort 
tliiekm*»» of tlie 
coatBy X 215. 


* '‘Diseases of the Kidney,” 1862, page 229. 
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exudation, and therefore situated external to the vessels. 
Still, in many cases the matter is certainly within the sub- 
stance of the wall, and in others probably upon its external 
surface.'’^ !&|;quently small collections arc found on opposite 
sides of the^ubes, alternating with each other, and appear- 
ing to occupy the position of the nuclei of the development 
cells of the vessels. This condition has been termed fatty 
degeneration of the vessels, and is probably very* similar to 
the corresponding change in muscular fibre. Fig. 164 repre- 


Fig. 163. 



Fig. Ifik 



Small artery and porliona of 
capillary vessels, from Inc brain in 
health, X 215. 


sents the characters of an artery from a healthy brain, mag- 
nified in the same degree as fig. 1£3 ; the different diameter of 
the vessel in various points is due to the unequal pressure of the 
thin glass cover. In many cases of white softening, the small 
arteries of the brain are entirely surrounded by spherical 
aggregations of small oil globules which sometimes extend 
around the vessel to a distance equal to twice its entire 
diameter. In such a case it is clearly impossible that the 
cerebral tissue can be properly nourished. In some instances 

* On this subject, Mr. Paget’s “Surgical Pathology,” Vol. i., should be 
consulted, as well as Professor Bennett’s “ Clinical JACctun^s.” second edition, 
1858. 

N 
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there can be little doubt that the passage of the blood 
through a vessel is prevented by its tube being plugged 
up with a portion of fibrinous matter. In consequence of 
this obstruction, the nervous tissue suffers in wtrition, the 
vessels degenerate, and other changes result.* The mode of 
investigating the arrangements of the capillaries by injec- 
tion has been already discussed (page 69). 

It is probable that as the investigation of the minute 
anatomy of the tissues in disease advances, morbid changes 
will be found to pervade the capillary vessels of many organs 
of the body. Thus, the vessels of the retina and choroid are 
frequently affected so that their walls become softened and 
undergo small dilatations at various intervals, in which the 
blood seems to collect; and after a time it becomes stagnant. 
At length disintegration of the small clots commences. The 
changes which occur in the capillaries of the papillaj of the 
skin, of the villi, of the liver, kidney, and other glandular 
organs, are well worthy of attentive study. 

lOO. AtRcromatoufl and Calcareoui!i Deposits In Arteries. — 
The atheromatous deposit, so common in the larger vessels in 
disease, usually contains numerous oil globules, with granular 
matter, pai^ly fatty and partly albuminous, aggregations 
of minute fat globules, and much cholesterine, fig. 131, 
which appears to have gradually crystallized out, haAdng been 
originally deposited in a state of solution in the oil. Choles- 
terine is always found dissolved in the oily fat in cases of 
fatty degeneration of various organs. Its presence may 
always be detected by treating the fatty matter with alcohol 
and allowing the filtered solution to stand in a cool place, 
when the crystals gradually make their appearance. This 
crystallization of cholesterine having taken place, may pos- 
sibly exert an influence on the still further deposition of 
atheromatous matter, and so lead to the accumulation of the 
large quantity often met with. Besides atheromatous deposit, 
plates of calcareous matter, .resembling bone to the unaided 

• Soo a paper by Dr. Kirkes in the thirty-fifth volume of the “ Transac- 
tiona of the Medico-Oliinirpcal Society,” 1852, 
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eye, are often found in the coats of arteries, sometimes form- 
ing an entire ring, completely surrounding the vessel. lu 
some cases fibrous patches are found in the coats of arteries. 
They are sgjidom or ever the seat of deposition of calcareous 
matter, while the atheromatous material is often gradually 
replaced by hard plates or laminae, consisting entirely of 
earthy salts, and to the unaided eye exactly resembling bone. 
These never contain Haversian canals or lacunaj. 

lOT. fixamlnation of Lympliatlc Vessels. — The arrange- 
ment of lymphatic vessels may be shown by artificial injec- 
tion. In consequence, however, of the valves opening 
towards tlic large trunks and preventing the flow of fluid 
from these towards the smaller vessels, there is considerable 
difficulty in making good artificial injections. Occasionally 
when blood-vessels are injected, rul)ture occurs and extrava- 
sation into the lymphatic vessels takes place. The lym- 
phatics arc often injected in attempts to inject the ducts 
of the liver, and sometimes by making a small opening into 
the areolar tissue beneath the skin or mucous membrane, the 
injection enters the lymphatics. In all these cases, however, 
only the trunks of the vessels can be displayed, and no 
injection jiasses into the smallest tubes. Formerly the 
lymphatics were injected with mercury, but although this 
process was well adapted for displaying the course of the 
larger trunks, the great distension produced rendered it 
impossible to ascertain the arrangement of the smaller 
vessels, even supposing them to be injected, — ^but the mercury 
seldom penetrated into the smallest branches. Opaque 
injections arc not adapted for showing the smaller lymphatic 
vessels, especially as the large trunks arc always ranch dis- 
tended. The use of transparent injections aflbrds more 
satisfactory results, and with the PAssian blue fluid I have 
prepared some very good specimens. Many attempts will 
probably be unsuccessful, but sometimes sufficient of the 
fluid may be made to pass thew valves to inject the smallest 
branches, when the pipe has been inserted into a large trunk. 
If the vessels of the part be injected with water, much 

N 2 
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of the fluid will return by the lymphatics, the trunks of 
which become distended and rendered so lar}2;c that a pipe 
may be very easily inserted into one of them. After a time, 
the Avater may be absorbed by cloths, and the injection 
forced into the empty vessels. In some instances it runs 
freely, and beautiful injections, even of the smallest branches, 
may be readily obtained. This plan, however, does not 
succeed in c;very case in which it is tried. Occasionally the 
lymphatics arc distended Avith granular matter and oil 
globules to so great an extent, that their arrangement can 
be made out witliout any preparation. 

108. Examination of Muscular Elltrc. — For a description 
of the minute anatomy of muscular fibre, I must refer to 
the various works on jrhysiology and minute anatomy ; and 
espeeially to the well-known papers of Mr. BoAvman in 
the “Philosophical Transactions,^’* and to the artiiies 
‘^Muscle,” and “Muscular Motion,” in the “ Cyel()])acdia 
of Anatomy and Physiology.” 

Two forms of nnxscular fibre have been described, the 
striped or voluntary Jihre, or innscu/ar fibre of animat life, 
and the nnstriped, involnntHry, or musindar filrre of oryanic 
life, the characters of which will be presently referred to. 
Both forms possess inherent contractility, and each is stimu- 
lated to contract by simple iiTitation, as may be proA ed by 
direct experiment under the nucroseopc. The A’oluntary 
muscle alone is imdcr the direct control of the Axill, AAdiile the 
involuntary fibre performs its functions altogether indepen- 
dently of Abolition. 

Striped muscular fibre may be obtained from the A’olun- 
tary muscles of man or any animals. If sjiecimens be taken 
from the members of the different vertebrate classes, certain 
characteristic peculiarities will be met with, and the muscular 
fibre of the Crustacea, mollusca, and insects, differs from the 
muscles of the higher animals in many important particulars. 

In order to subject a iwrtion of muscular fibre to 


* » PltiJ. Trnns.,” 1810 . 18 H. 
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microscopical examination, it is only necessary to remove a 
small pieee with a sharp knife or a pair of scissars. After 
tearing it up with needles, and moistening it with a drop of 
Avater, the thin glass cover may he placed on it, and tlic 
specimen examined with different j)owcrs. The transverse 
striae w’dl often he rendered very distinct after the fibre has 
heen allowed to macerate for some time in glycerine. 

The general arrangement and form of the fibres in'volun- 
tary muscles is Avell shown in a transverse section of the 
pectoral muscle of a teal {Qtierijuedula crecca), which lias 
been put upon the stretch, and allowed to become perfectly 
dr)^ A section cut as thin as possible, may he rc-moistenctl 
with water, and examined in the usual manner. The position 
of the vessels, their relation to the fibres, and the character 
of the capillary network arc easily demonstrated in speci- 
mens which have been injected with transparent Prussian 
blue or carmine injection. 

iOf>. Earcoicmina. — The fibre of the skate, as Mr. bow- 
man has shotvn, is remarkably well adajitcd for showing the 
sarcolemina, as the sarcous matter may be ruiitured while 
the investing membrane I'cmains entii’c, and may be thus 
easily demonstrattal. A few of the long fibres from the fin 
may bt; spread out upon a pieee of glass with the aid of 
needles, and in this operation it will often be found that 
the rupture of the sarcous matter in the interior has taken 
place. 

200. nranciicd ^Muscular Fliires. — Several modifications of 
striped muscle have been described of late years, and it is 
desirable to consider the best methods of demonstrating a 
few of the most important of these. Pranched muscular 
fibi'cs have been found in the heart, but they arc not very 
easily demonstrated. Fibres of this nature may, however, 
be shown to exist in gre^t abundance in the tongue of the 
frog (as was ])ointed out by Kdllikcr), from w'hieh organ they 
may generally be olitained as» follows : the tongue is to be 
separated from the animal, and boiled for a few moments in 
’water ; the mucous membrane is cautiously dissected off from 
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a small portion, and a few minute pieces are to be carcfiilljr 
snipped off with scissars, from the edge of the tongue, just 
beneath the mucous membrane. These are to be torn with 
very delicate needles, and then examined with a quarter 
of an inch object-glass. In this manner very perfect fibres 
may generally be found; but care must be taken not to 
Ijoil the tongue for too long a time, in which case tlie 
fibres become too brittle to admit of separation. These 
branched fibres are very beautiful objects. In good speci- 
mens they are seen to ramify after the manner of the 
branches of a tree, gradually becoming thinner, until each 
terminates in a delicate extremity, which is of a tendinous 
nature, and is incorporated with the sub-mucous areolar 
tissue or corium. The transverse striaj may be observed in 
the thinnest branches, but cease some distance from the 
terminal extremity of the fibre. Branched fibres also exist 
in the up})cr lip of the rat.* 

T|ic gradual tapering of the muscular fibres of the tongue 
towards their small tendons which arc inserted into the 
corium, has been well described by Dr. Hyde Salter.f 

SOI. Preparation of Muscular Fibre for Microscopical Kx- 
amluatlon. — The transverse strife may usually be demon- 
strated upon a piece of fresh muscular fibre, and are often 
seen very distinctly in a portion of ordinary voluntary muscle 
that has been boiled. The ultimate fibrillae are well displayed 
in the muscles of many of the lower cartilaginous fishes, 
especially the lamprey. The mode of cleavage can be very 
satisfactorily determined, and the ‘'ultimate sarcous ]>articlc8^’ 
separated from each other. I have often obtained most 
beautiful specimens of muscular fibre from the back of the 
tongue, a few hours after a meal, of which meat has formed 
a portion. The fibrillse often separate readily from each 
other in a portion of muscle which has been macerated in a 
solution of chromic acid. 

* Huxley ; British and Foreign Metlico - Cliirurgical Review/^ 1853» 
No. XXIV., page 313. 

t Article ‘'Tongue,’^ Dr Todd’s “Cyclopeedia of Anatomy and Physiology/^ 



THE MICROSCOPE IN CLINICAL INVESTIGATION. 183 


Amongst the matters vomited by patients suffering from 
certain affections of th(^ stomach, beautiful specimens of 
striiied muscular fibre may often be found; and in the 
evacuations of cholera patients, such specimens were almost 
constantly observed. In the stomach, the fibres sometimes 
break up into the discs described by Bowman (Frcrichs), and 
I have obtained these discs produced by transverse cleavage, 
by macerating the muscles of a foetus for a long time in 
strong acetic acid. 

The thin, narrow, muscular bands, immediately under the 
skin of frogs and other small animals, will be found to exhibit 
well the general anatomy of voluntary muscle. The mus- 
cular fibre of the eel splits up readily into its ultimate 
particles ; and beautiful preparations exhibiting the fibrillas, 
have been obtained by Mr. Lcaland from the pig. Sections 
of muscle in various directions may be made from muscles 
which have been boiled, or hardened in spirit, bichloride 
of mercury, or chromic acid. Tlie reagents of the grcajtcst 
use in investigating the structure of muscular fibre, are a 
dilute solution of caustic soda, and acetic acid, which arc 
employed more particularly in investigating the arrangement 
of the nuclei. Preparations of muscular fibre may be pre- 
served moist in glycerine, glycerine jelly,* chromic acid, or 
solution of creosote, or they may be dried and mounted in 
Canada balsam. 

S02. Examination of Xlnncular Flltre In a state of Fatty 
Degeneration. — This most interesting subject was originally 
investigated by Vicq. D’Azyr. Lately it has received the 
attention of many observers, both in England and also on 
the Continent. The paper of Dr. Quain,t contains a most 
excellent account of fatty degeneration of muscular fibre. 

The muscular fibres of the heart very commonly undergo 
this change, and it is frequently well marked in the musculi 
papillares, to which the tendinous cords of the auriculo- 
ventricular valve are attached. • Almost any muscles which 

• « How to Work with the Microscope," imgc 37. 
t “ Medico-Clnrurgical Transactions,” Vol. xxxiii. 
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have long been out of use, as happens in many cases of 
paralysis, and in numerous forms of club-foot, will be found 
to exhibit it also. 

Dr. Mcryou mentions the case of four brothers in whom 
all the muscles of the body lost their contractile power. In 
these families the females were unaflected.* 

Sometimes there is not the slightest appearance of trans- 
verse striaj on the fibre, which appears to be composed of 
rows of minute and highly refracting 
globules of oil. Professor Paget has 
shown that the nuclei of muscular fibres 
in a state of fatty degeneration, were 
very often absent. In other specimens, 
no distinct globules can be seen, but the 
whole fibre appeal’s made up of granular 
matter. Fig. 1G5 represents two ele- 
mentary fibres in a state of fatty degene- 
ration from one of the papillary muscles 
of the mitral valve. It must, however, 
be borne in mind, that fibres in a state 
of commencing decomposition exhibit, in a slight degree, 
this granular appearance. 

The examination is conducted in a similar manner to 
that of healthy muscle; vciy small pieces may be cut off 
Avith seissars, and torn uj) carefully with very fine needles. 
The addition of acetic acid causes the oil globules to become 
more distinct. The oily nature, both of the globules and 
granules, may be proved by the addition of a drop of ether, 
Avhich dissolves them ; and upon the evaporation of this 
ethereal solution, a globule of oil remains behind, which Avill 
he found to leave a greasy stain w'hen rubbed upon a piece 
of clean glass. This reagent also enables us to distinguish 
bi'tween globules of oil and globules of phosphate of lime, 
Avhich often much I’cscmblc each other in form, colour, and 
refractive properties. 

Not unfrcqucntly fibres of muscles become converted into 

^ “ Mctlit o-C'hirinyical I'rauhaciioiia/^ Vol. xxxv., pagv 7o. 


Fig. ]<;5. 
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fibrous tissue, a change whicli is also particularly common in 
the small papillary muscles of the heart. By carefully tear- 
ing up a fragment with needles, the fibrous structure can be 
clearly made out. 

203. Xixaininatlon of Vnstrlped Muscle. — Involmitary, 
smooth, or non-striated muscidar fibre may be c^taiued from 
various situations, both in man and also in the lower animals. 
These fibres arc most abundant in the alimentary cansll, the 
uterus, the bladder, the ducts of glands generally, and large 
vessels, but they are also found dispersed amongst fibrous 
tissue in certain situations, particularly in the skin. There 
are also bundles of pale muscles connected with the hair 
bulbs, w’hich may be demonstrated very readily. The elon- 
gated cells, of which this form of muscle is composed, arc 
also to be demonstrated in the small arteries and veins, as 
well as in the trabecular tissue of the spleen, and corpora 
cavernosa penis, the urethra, &c. Involuntary muscle, which 
has hitherto been described as consisting of flattened bands, 
has been demonstrated by Professor Kbllikcr to insist of 
the elongated cells just referred to. The contractile fibre 
cells have been arranged in three classes: — 1. Short, rounded, 
or flattened cells, somewhat resembling epithelium. 2. Flat- 
tened bands, with fringed edges. 3. Long rounded or fusi- 
form fibres, slightly wavy, and terminating at each end in a 
point. 

The first two varieties are obtained from the blood- 
vessels. The last form is met with in the intestinal canal, 
uterus, &c. These cells may be readily isolated by macerating 
small pieces of the muscular coat 
of the alimentary canal, &c., in 
dilute nitric acid, containing about 
twenty per cent, of strong acid. 

By a little teasing, with the aid 



of fine needles, separate cells may 
be readily obtained. Fig. ICG 


Muscular fibre cells, from the sniall 
intcBtine, x 315. 


represents some of the contractile fibre cells from the ileum. 


These cells may also be demonstrated in most of the lower 
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animals; but it is worthy of remark that a portion only 
of the alimentary canal of some fish is surrounded by invo- 
luntary muscle, while it has been shown that the whole 
of the muscular fibre of the intestine of the common tench 
is of the striped variety (Weber). 

304. Examination of tlie Mfuscnlar structure of the Heart 
and Tongue. — ^The muscular fibres of the heart will be found 
to exhibit the transverse striae characteristic of voluntary 
muscle ; but they arc arranged in long bands, and upon care- 
fully examining a well-prepared specimen, taken cither from 
the heart of man or of most animals, frequent and distinct 
anastomoses and branchings of the fibres may be observed. 
The sarcolemma is of such extreme tenuity that it is exceed- 
ingly difficult to demonstrate; indeed its existence is ques- 
tioned by many observers. 

In order to exhibit these fibres, the heart of man, or that 
of any small animal may be taken, and after boiling it for a 
short time in water, small pieces may be cut ofl‘, and care- 
fully toin^ up with needles. The length of time which the 
boiling should be continued, varies in different cases. Half a 
minute is sufficient for the hearts of very small animals ; 
sheep's hearts may be boiled for a quarter of an hour,* 
Fatty degeneration of the muscular fibres of the heart has 
already been alluded to. A familiarity with the appearance 
of the muscular fibre of the heart in health is of great 
importance with reference to the subject of fatty degeneration 
of the organ. An examination of a great number of hearts 
in both healthy and diseased conditions, will alone enable the 
observer to form an opinion with which he will himself feel 
satisfied. Sections of the muscular substance of the tongue 
are readily made by drying the organ when perfectly fresh, 
and removing a very thin section with a sharp knife. This 
may be moistened in water, treated with different reagents, and 
preserved in glycerine, glycerine jelly, or other preservative 
fluid. See also § 251. 

♦ The course of the bands of tibres of the heart is well described in Mr. Scarlets 
article in the Cyclojwdia of Anatomy and Physiology,” Vol. ii., i>age 619. 
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Mr. Gant has lately examined the tissues and organs of 
animals which obtained the first prizes at the eattle show, 
and has found that the muscular fibres of the heart have 
undergone fatty degeneration. In some the organ was soft 
and flabby, and had nearly lost its contractile power. This 
change resulted in part, no doubt, from the a^imulation 
of adipose tissue on the organ itself, but was principally due 
to the deterioration of the muscular fibres of the organ. • As 
would be supposed also, the voluntary muscles of the body 
had undergone a corresponding change. Tlie Value of this 
highly fatted meat as an article of food is also considered in 
the essay referred to.* 

205. Examination of Nerves. — The general anatomy of 
the trunk of a nerve is demonstrated Avithout difficulty. It 
is better to take as thin a fibre as possible, tear it up with 
very fine needles upon a glass slide, and after the addition 
of a drop of serum, it may be covered with thin glass. The 
delicate nerve fibres of any small animal, or the ciliary nerves 
may be taken. The nerves of the frog are very laijgo, but 
exhibit all the essential structures of nerve fibres. Glycerine 
will be found a good medium for examining nerve fibres in, 
but the observations should never be limited to the results 
obtained by one method of hwestigation alone, for in this 
case, many erroneous inferences would be drawn. 

If a nerve be placed in a little water, a curious change 
takes place. The constituents of which the medullary sheath 
is composed, become altered so as to exhibit two distinct 
lines (white substance of Schwanfi), a change which probably 
depends upon the fatty matter being partly separated from 
the albuminous material with which it is incorporated. 
Although this appearance is undoubtedly produceil by soak- 
ing in water, the existence of a special highly refracting 
material within the tubular membrarm and around the axis 
cylinder, cannot be questioned. 

The investigation of the maqncr in which nerves termi- 


* “Evil Results of Overfeeding Cattle/^ by F. J. Gant. Churchill, 1858* 
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nate, is one of the most difficult inquiries that the observer 
can undertake. In many structures a nervous network may 
be demonstrated, but this ean hardly be regarded as the 
termination of the nerves. The terminal fibrils may often 
be traced for some distance, but then they arc lost. In 
many ca^ they certainly lose their white substance of 
Schwann, and the axis cylinder may be traced a slight 
distance beyond this point, but is then lost among other 
tissues, llecent researches, however, have proved that the 
essential of tkc nerve, the axis cylinder, is in much 

closer relation to the external coverings of sensitive surfaces 
than was formerly supposed. In many organs a prolongation 
of the nerve has been traced quite to the surface, and seems 
to lose itself near the point of attachment of the epithelial 
cells. In investigating the mode qf termination of nerve 
fibres, the j)apilhe of the tongue of many of the lower 
animals, especially of the frog,* the olfactory mucous mem- 
brane, the retina, and the Pacinian corpuscles, arc the tissues 
which seem to give the best prospects of success. I should 
recommend any one desirous of prosecuting such an inquiry 
to select one of the above textures, and investigate it in every 
W'ay which scorns to afford the slightest prospect of success. 

The general distribution of the nerves beneath the skin, 
may be well seen in the car of the mouse, from wdiich the 
thin skin covering it has been carefully dissected off. In the 
dura mater also, even in man, I have seen many individual 
nei'vc fibres arranged so as to form with others a coarse net- 
work, and a single fibre may often be traced for a very long 
distance. The fibres themselves do not di\nde, but for the 
most part are arranged two or three togetlier. The fibres in 
these localities frequently leave their companions and pass a 
short distance with others, so that a network is in this 
manner fonned upon the surface of the dura mater and 
other membranes, and immediately beneath the skin. The 
mesentery of the mouse is also a very favourable structure 

* Dr. W iillor’s ])ai>or On tlu* Modo <»f Termination of the Nerves in the 
Papilla) of the Frog’s Tongue.” — (I’hiL Trans., 1841)). 
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for demonstrating the mode of branching of ncr\’e trunks. 
The coiu’se of sensitive nerve fibres may be well followed out 
in thin sections of the snout of the pig, mole, and other 
animals, in which the disposition of the fibres is very beau- 
tiful. In the investigation of the disposition of nerve fibres, 
Mr. liockhart Clarke’s fluids and a mixture of acetic acid and 
glycerine will be found of great scrviec. Phosphoric acid 
and solutions of iodine have been used by some investigators 
in researches upon the structure of nerves. Doubtless tlicre 
are many other chemical reagents which expcriimce ivill show 
to be useful in investigations upon the nervous system. 

The structure of nerves becomes much altered in disease. 
If the trunk be subjected to much stretching or pressure, 
all trace of the existence of individual fibres is gradually 
lost, and the whole cord assumes a fibrous appearance, or 
fat granules and globules manifest themselves in and about 
the fibres, which undergo a process of absorption. Of fatty 
degeneration of nerve fibre I met with a most beautiful 
example not long ago, in a case of Dr. Todd’s, in which one 
of the pncumogastric nerves had become incorporated witli, 
and stretched over, the walls of a large aortic aneurism. 
The fibres of the nerve trunks contained numerous granules 
and minute oil globules. 

200. Examination of IWucouh Membrane. — Mucous mem- 
brane consists of one or more layers of epithelium, which 
have been described as resting upon the basement membrane, 
the characters of which have been adverted to, page IGI. 
Beneath the basement membrane is a layer of areolar tissue 
{suh-jnucous areolar tisme, sub-basement tissue or corium). 
Into this structure, muscular fibres, or their tendons, when 
these exist, are inserted. In this tissue ramify the vessels 
and nerves. The thickness of the mucous membrane and 
other characters of the several structures of which it is com- 
posed vary much in different localities. The mucous mem- 
brane of the mouth, especially At the back part of the tongue, 
may be readily subjected to examination, and the different 
structures enumerated may be made out. It is desirable 
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to inject the vessels with a transparent injection, and cut 
thin sections through the mucous membrane and subjacent 
structures with a sharp Valentines knife. The basement 
membrane is very easily demonstrated in the uriniferous 
tube. On the anatomy of mucous membrane, the reader 
is strongly recommended to consult Mr. Bowmanes article 
“ Mucous Membrane,” in the “ Cyclopsedia of Anatomy and 
Physiology.ee 

The epithelium of mucous membranes is very readily 
subjected to examination, and its character is found to vary 
much according to the locality from which it is taken. The 
chief varieties of epithelium, and the method of examining 
them have already been referred to (§§ 171 to 177). In order 
to obtain a specimen of epithelium from a mucous membrane, 
all that is required Is to scrape the surface gently with a 
knife, and place what has bctui removed upon a glass slide, 
and, after moistening it with a little water, syrup, or a 
mixture of glycerine and water, which does not cause the 
cells to become so turgid from endosmosis, the specimen may 
be placed in the microscope. The thin glass cover should 
not be allowed to press too strongly upon the specimen, which 
may be prevented by inserting one or two pieces of hair or 
thin hog's bristles. 

The basement membrane is sometimes demonstrated with 
difficulty, but from various accidental circumstances, its pre- 
sence may now and then be seen in the examination of 
pieces of mucous membrane. Frequently, however, the 
epithelium cajinot be sufficiently removed in order to sec 
this structure distinctly. In some structures it is extremely 
doubtful if basement membrane exists as a distinct tissue. 
The sub-mucous areolar tissue may be very readily demon- 
strated by removing a small piece from the under surface of 
the mucous membrane with scissars, and tearing it up with 
needles. Beneath the hard cuticular mucous membrane of the 
aesophagus, tlicrc is an abundant layer of lax areolar tissue, 
which connects the lining membrane* with the muscular 
coat beneath, and permits the greatest alteration of the form 
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of the tube, during the passage of its contents, to take place. 
A small piece of this may be readily removed for examina- 
tion, and consists of areolar tissue alone. 

The demonstration of basement membrane, and the 
capillaries of mucous membrane, has been already discussed 
(§§ 183, 99). 

209 . Examination of Serous and SynoTlal Blemnranes. — 

Serous membranes may be examined according to the general 
directions previously given. It will sometimes be found 
difficult to demonstrate the delicate cells upon their surface, 
and fresh specimens only should be examined. The epithe- 
lium of serous membranes is generally of the pavement or 
tessellated variety, and appears to form one layer on the 
surface of the delicate basement membrane. 

A small portion of the pcritoneuih of a mouse or other 
small animal, will be found to display well the fibres of the 
sub-basement tissue, and often vessels and nerves may be 
seen lieautifully distinct in this situation. The greater part 
of the thickness of serous membranes is made up of con- 
densed areolar tissue, in which the yellow fibrous element is 
very abundant. This areolar tissue becomes less dense at a 
greater distance from the surface, and often contains fat 
cells like the subcutaneous areolar tissue. In disease, the 
epithelium often increases very much in quantity ; and in 
old cases of ascites, or pleurisy, it is not uncommon to find 
the serous membrane completely altered in structure, its 
surface being covered by a tolerably thick cellular layer. 
Frequently the fluid contained in the cavity is rendered 
turbid by the presence of a great number of cells of a 
similar character. 

In order to examine the distribution of the vessels in 
synovial membranes, an injected specimen is necessary. 
The fringe-like processes wliich project into many of the 
joints are highly vascular, and a well-injected specimen 
forms a beautiful object. The* surface in the recent state 
is covered with large cells of a more or less globular 
form. 
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The vessels which riin between synovial membrane and 
cartilage arc very tortuous, and exhibit considerable dilata- 
tions and varicosities. The characters of serous and syno- 
vial membranes are fiilly described in Dr. Brin ton's article 
"Serous and Synovial Membranes,” in the "Cyclopuidia 
of Anatomy and Physiology,” to which the reader is 
referred.* 


* Uosidt^s the works mentioned in the text, tlio followinp^ inny he consulted 

upon the sidijects treated of in the pr(*sent oliaptcr. Articles in tlH‘ 
piedia of Anatomy and Pliysiolo^y/* “ Pliysiolopcal Anatomy and Physiology 
of Man/^ hy Todd and Powman. KdllikcT’s works, Gerlach’s Gewt'bclehre/^ 
Leydig’s Lehrbucli der Histologic/’ Rokitansky’s lichrbueh dcr Patbo- 
logiscbcn Anatomic/’ Wien. 1855. Wcdl's Pathological Histology/* translated 
by the Sydcnliam Society. Jones and Sieveking’s ** Pathological Anatomy.” 
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CHAPTER YI. 

Examination of the Alimentary Canal. — Epithelhnn 
VilfL — Hypcrtrophij of Sub-nmcovs Tissue of the Stotuach, 
— Ulcers of (he Intestines. — Salivary Glands and Pancreas. 
— Examination of the IIespiratory Organs. — Of the 
Lung. — Organs of Circulation. — Examination of 
Organs of Secretion. — Liver. — Portal and Hepatic 
Vein and Artery. — Vessels of the Gall Plodder. — Of 
Injecting the Ducts of the Lhunr.- — Liver Cells. — Of InjecU 
ing the Lymphatics of the Liver. — Of the Morbid Changes 
in the Liver. — Liver of the Lov)er Animals. — Of the 
Kidney. — Epitheliuni. — Basement Membrane . — Matrix . — 
Of the Kidney in Disease. — BrighVs Kidney. — Exaniina^ 
lion of the Kidney in the Lower Animals. — Kidney 
of the Frog and Newt. — Examination of the Spleen . — 
Thymus and Thyroid. — Lymphatic Glands. — O/* the 
Suprarenal Cap.wles. — Examination of the Organs 
OF THE Nervous System. — Exaininaiion of the Brain 
and Cord. — Of taking the Specijic Gravity of the Brain. 
— Examination of the Oiulins of Generation. 

Examination of the Atamentaky' ('anal. 

ao8. £iiitiiciiuni. — Tlie cpitlicliura of mucous membranes 
is very readily subjected to examination, and its character 
is found to vary much according to the locality from wliich 
it is taken. The cliicf varieties of epithelium, and the 
method of examining tlicm have already been referred to 
(§ 172). In order to obtain yi specimen of epithelium 
from a mucous membrane, all that is required is to scrape 
the surface gently uith a knife, and place what has been 

o 
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removed upon a glass slide. After moistening it with a 
little water, syrup, or a mixture of glycerine and water, 
which do(‘8 not cause the cells to become so turgid from 
cndosmosis, the specimen may be placed in the microscope. 
The thin glass cover should not be allowed to press too hard 
upon it. 

' The e])ithclium of mucous membranes is liable to undergo 
various changes in character in the course of disease. When 
exposed to t^ic air, the soft, thin, and moist epithelial cover- 
ing becomes converted into a firm, hard, almost cuticular 
invc'stment. Sucli a phange is often seen in the epithelium 
covering the glans ])cnis when this is not protected by the 
prepuce. In cases of 2 * foci dent ia uteri, when the os is ^m- 
plctely exposed, its soft mucous covering becomes harder and 
almost cuticular. Tubercles are not uufrcqucntly found con- 
nected with the mucous membrane and skin of the genital 
organs as a consequence of syphilis, and in structure may 
be conq)ared to tvarts which arc dcveloj)ed upon cuticular 
surfaces in other parts of the body. I'lierc are, however, 
morbid alterations aflccting the growth of the epithelial cells 
both of mucous membrane and skin, far more serious than 
these. Sometimes from the mere irritation of a foreign 
body, a redundant and exceedingly irregular growth of coarse, 
ill-formed epithelial cells takes jdacc. The mass gradually 
increases in size, and if it be allowed to pursue its own 
course, may ultimately become so enormous, and require 
so large an amount of nutrient matter, as to exhaust the 
powers of the patient and cause his death. Some of these 
growths have received the name of eiAthelial cancer, and 
always commence upon the surface. The structures beneath 
the cuticle arc more or less affected in this condition. 

A thin layer of i)ale muscidar fibres has been described 
by Briicke as situated immediately beneath the basement 
membrane of the small intestine. The contractile fibre cells 
of which it is composed .arc arranged in two layers, one 
of which takes a circular and the other a longitudinal direc- 
tion. This is termed the muscular layer of the mucous coat. 
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to distinguish it from the muscular coat of the intestine 
which lies external to the sub-mucous tissue. 

209. Vliii. — Muscular Fllires. — liacteals, — The villi are best 
shown by making a perpendicular section of the mucous 
membrane of the small intestines with a very sharp knife, 
taking care, if possible, to make them take one direction by 
allowing a stream of Avater to flow over them, as referred to 
in describing the method of examining the papillae of the 
skin (§ 244). 

The muscular fibres of the villi, demonstrated first by 
Brlicke, are to be shown by washing tlic epithelium, and 
treating them with a solution of acetic and nitric acid, com- 
j)osed of about four parts of water to one of acid. For a 
description of the arrangement of these fibres, I must refer 
to KdllikeFs work. 

The elementary structure of the muscular coat may be 
demonstrated by soaking small shreds in nitric acid diluted 
with four or five parts of water. 

Tlie Lacteals may sometimes be demonstrated in con- 
sequence of being filled Avith chyle at the time of death, but 
their arrangement may be very satisfactorily observed in the 
viJli of a rat or mouse which has been fed upon a consider- 
able quantity of fatty food for some time before dcatli. The 
animal sliould be killed by dashing it suddenly on the floor, 
for unless death be immediate, the lacteals become emptied 
before they can be submitted to examination. 

210. Hyper trophy of Suh^mucouss Tissue. — Cancer of the 
Stomach. — In certain morbid conditions, the sub -mucous 
tissue in this region is found as a hard, dense, somewhat 
transparent-looking layer, A^arying in different cases from the 
eighth or tenth of an inch to an inch or even more in thick- 
ness, and almost of a cartilaginous consistence. Thin sections 
may be very readily examined, and will, in many instances, 
be found to be composed of the original elements of the 
tissue, but coarser and more abundant than in health, with 
a certain proportion of granular matter, and a few badly- 
defined cells, the nature of which it is not easy to explain. 

o 2 
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In the majority of cases of the so-called cancer of the 
pylorus/^ nothing more than the thickening of the sub- 
mucous areolar tissue sibove referred to can he observed, and 
uj)on mieroseopieal examination none of the cells charac- 
teristic of malignant growths can be detected. A similar 
condition is not unfrcqTiently found affecting the sub-mueous 
tissue of the colon, and caecum, and in other situations. It 
is important to distinguish this affeetioii from true cancer^ 
as in its genpral appearance to tlie unaided eye it is found 
so closely to resemble scirrhus, although it is essentially 
diflicrent from this dy^c'asc in a pathological point of view. 
Microscopical examination generally enables us to decide 
the question. 

In some cases I have observed that the thickening is 
almost* or entirely confined to the muscular coat. In one 
of these sent to me by Dr. Hall, of Brighton, the walls 
of the j)ylorus were nearly an inch in thickness, and upon 
making a thin section of the firm, hard, fibrous-looking 
tissue and examining it under a quarter, it was found to be 
eomjioscd of coarse bauds of organic muscle.* The same 
remarks will in great measure apply to the so-called cancer 
of t/ic rectum. Many of these cases really consist of thicken- 
ing of the coats of the bowels, and arc not of a cancerous 
nature at all. 

There are, however, instances from time to time observed 
in wdiieli the meshes or areolaj of the tissue arc much 
enlarged, and filled with cells having the general aspect 
of cancer cells, while the fibres composing the walls of these 
spaces are found to be more numerous and of increased thick- 
ness. To such, the term cancer may be cori’cctly apjilied. 
After a time these morbid changes involve the mucous mem- 
brane itself, and an irregular ulcerating surface is formed. 
In examining an ulcer of this description, a little of the secre- 
tion from the surface, th(> surface itself, and the hardened 
tissue beneath, should be separately subjected to observation . 

In the examination of these structures, thin sections 
Aivliivos of Metliciiio,” No. III. 
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eiitirelv tlironirh tlic thickened mass should be obtained 
with the aid of a Valentin’s knife. The scetion, after being 
slightly washed, may be subjected to examination with the 
usual precautions. 

The morbid elianges occurring in the mucous membrane 
of the stomach in various cases of disease, have recently been 
investigated with great care by Dr. IlaiidfieldJoncs, to whose 
works the reader is referred for information on this liead.* 

211. Ulcers of tiic intestiiicN. — The surface of ulcers of the 

* 

intestine may be examined by scraping, or by cutting off* 
small pieces with curved scissars. Sometimes the villi 
situated immediately around the ulcer will be found to be 
very much im^reased in length. 'J'his change had taken 
place to a great extent around some idetu’s of the small 
intestine of a patient, who died of ffiver some time ago in 
King’s College Hospital. The villi round the margin of the 
ulcers were many of them three or four times as long as 
those in other parts of the intestine. Whenever ulcers 
of the intestinal canal are examined, wc must always 
endeavour to ascertain if the ulcer has eaten into the mus- 
cular coat of the intestine, a point which can easily be 
decided by the presence or absence of uustri])ed fibre in the 
tissue which forms the base of the idcer. 

A weak solution of glycerine is the most advantageous 
medium for immersing structures of this kind in for micro- 
scopical examination. 

There is yet much to be learnt with reference to the 
nature of various morbid changes afl*eetiiig the mucous mem- 
brane of the intestinal canal, and especially the villi. The 
investigation will be best conducted after the vessels have 
been injected with Prussian blue fluid. A portion of intes- 
tine is readily injected if the pipe be inserted into a small 
trunk of an artery after all the divided vessels have been 
tied. Many of these may be gathered together and a ligature 
passed round them at once. 

* “ Mcdico-Chirurgical Transactions/’ Vol. xxxvii., page 88. ** Pathological * 
and Clinical Observations resj)ecting Morbid Conditions of the Stomach/’ 1855. 

—-Cnmrchill. 
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212. Salivary CilandH and Pancreas. — The investigation of 
the salivary glands and pancreas scarcely requires any special 
remarks. The best idea of their structure is obtained by 
subjecting one of the smallest labial or buccal glands and 
Brunncr^s glands to examination. The ultimate follicles 
and e])ithelium are very easily demonstrated in specimens 
wliicli liavc been soaked for some time in glycerine. It is 
often troublesome to trace the continuity of the duct with 
the follicles, in consequence of some of the latter covering 
its terminal portion. The ducts of the salivary gland and 
pancreas may sometimes be injected, and it is advantageous 
to subject the organs to firm pressure for some time pre- 
viously, so as to absorb as much as possible of the fluid they 
contain, and favour the entrance of the injection. Good 
sections may often be ‘obtained from specimens which have 
been hardened in alcohol and soda. The arrangement of the 
capillaries is easily made out in specimens injected with 
vermilion, chromate of lead, or transparent injection. If 
the vessels arc injected with gelatine only, very instructive 
sections may be made. In such investigations, however, it is 
necessary to make a vast number of sections and examine 
them carefully, or the observer will not be able to form a 
correct idea of the structure of the gland. 

In disease the structure of these organs becomes variously 
modified. Sometimes obstruction of the duct causes accu- 
mulation of the secretion and consequent dilatation. Small 
concretions sometimes cause this obstruction. Salivary cal- 
culi vary considerably in size, and are composed of j)hosphate 
and carbonate of lime with animal matter, which is deposited 
with the earthy salts. Small aggregations of epithelium, 
held together by mucus, probably form the nucleus of these 
calculi. 

Examination of the Respiratoky Apparatus. 

213 . Liunv. — There is not much difficulty in demonstrating 
the different tissues of which the lung is composed. Small 

' pieces may be cut off, and spread out upon the glass slide in 
the usual way ; the preparation being moistened with water 
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or serum. Tlie addition of a little acetic acid causes the 
yellow clastic tissue to become very distinct. The boundaries 
and arrangement of the air-cells may also be readily shown. 

No opinion with reference to the nature of the walls of 
the air-cells can be arrived at, unless injected as well as 
uninjected specimens arc examined. The twisted and 
shrunken capillaries of the recent lung containing a few 
blood corpuscles, produce an appearance which is very likely 
to give rise to erroneous inferences with regard to the dis- 
position and coverings of these vessels. Either tlic Prussian 
blue or carmine injecting fluid may be employed. A most 
instructive preparation of the lung, however, is made by 
injecting the vessels with tolerably thick trans})arent gidatinc, 
which transudes through their w^alls, and fills tlic air-cells. 
After the lung has been thoroughly injected, it is set aside to 
get cool. Thin slices may be examined, and the vessels will 
be seen in situ apparently bare, and uncovered by ejnthclium.* 

Much diflerence of opinion has been expressed with 
reference to the existence of epithelium in the air-cells of the 
lung. T have lately carefully examined healthy human lungs 
which have been prepared in various ways, and have com- 
pletely failed to demonstrate the presence of such a structure 
in the healthy adult, or in the lungs of several mammalian 
animals. I have never secir such appearances as arc repre- 
sented in many drawings, showing this epithelium so dis- 
tinctly, that one would be led to conclude that it was to be 
seen without the slightest difficulty. In the foetus and young 
child, however, cells are found fti the air-cells, but it seems 
to me very doubtful if these take any part in the function 
of respiration. The whole subject requires very careful 
investigation. 

*14. Trachea and Bronchial TuhcR.— The mucous membrane 
of the trachea and bronchial tubes must be examined in the 
recent state by cutting thin sections with a very sharp knife. 

Beneath this mucous membrane is an abundant plexus of 
lymphatic vessels. In many cases these contain lymph cor- 

* ^^Physiological Anatomy/’ Todd and Bowman, page 393. Mr. Rainey 
in the ** Medico-Chirnrgical Transactions/* VoL xxxii., 1849, page 47. 
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pusclcs and fatty matter in a granular state, so that their 
arrangement may he easily made out. The lymphaties upon 
• the surface of the lung, immediately beneath the pleura, may 
also sometimes he very clearly demonstrated. I have one 
specimen taken from a child, in which these lymphatics are 
corn])Ie,tcly distended with large oil globules and granular 
matter, so that the position of their valves is rendered very 
distinct, and the smallest branches can be followed into the 
intervals between the lobules of the lung. In this specimen 
the tidies certaiidy form a ludivork, but in many situations 
apjieajunecs arc observed which lead to the conclusion that 
these tubes also commence in caical extremities. 

In examining the ciliated ejnthelium of the air-passages, 
it is only necessary to scrape the surface gently, and, if 
necessary, the jireiiarataon may be moistened with a little 
scrum, as water would very soon stop the motion. 

2IS. Itrsiilratory AiiparatUN in laiwer Animals. — The 

breathing apjiaratus in various animals may be examined 
with great advantage. 

Trachecp., characteristic of the class of insects, may be 
readily obtained by removing the viscera of a common fly 
or other small insect, and tearing carefull}’^ with needles. 
They may be examined after the addition of a dro]» of water, 
or they may be dried and moistened with a drop of tur- 
pentine, or mounted in Canada balsam. The branchiie of 
many mollusea (oyster, mussel) exhibit eiliarj^ motion very 
beautifully. The gills of fish, the lungs of frogs, newts, and 
serpents, uill also furnish many very instructive specimens. 

210. Examination of the Liinir in a Morliid State. — The 
same general method of procedure is employed here. The 
lungs of emphysematous patients are jiarticularly worthy 
ot study. According to the observations of Mr. Rainey, 
the pulmonary membrane is found perforated with many 
minute holes, and here and there numerous oil globules may 
be detected; the fibres of yellow clastic tissue are stretched, 
and have lost their elasticity ; the vessels are much elon- 
gated, and the interspaces between them much enlarged.* 

• “ Medipo-Chinirjfical Tranaactions,” Vol. xx.\i., 1848, page 297. 
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Of tuberculous /?/////, different parts should be submitted 
to examination. If \vc find a cavity, its conteiits, the surface 
of the walls, and a section of the immediately subjacent 
tissue should be examined. If the tubercles have not broken 
down, small portions may be removed upon tlie point of a 
knife, moistened with a drop of M-atcr, and examined in the 


Fig. 167. 
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«. Cells or tulK'iTlc corpuacU'B, from tin; fiiiuic spociimm. 

microscope. A tubercular lung* which has been injected, 
affords very instructive specimens. Tlie beautiful ])re])ara- 
tions of Professor Quekett, show that the ca])illaries into 
whi(di the injection has passed are those of the original air- 
cells of the lung, and not new vessels belonging to the 
tubercle. 

Fig. 1(57 represents the general appearance of fragments 
of clastic tissue of the lung, which arc met with in the 
sputum in many cases of phthisis. The small cells are 
tubercle corpuscles, which will be more fully described under 
Sputum.^^ These little bodies are usually associated with 
a considerable quantity of granular matter, and many minute 
oil globules are often present. 

The characters of different specimens of sputum are con- 
sidered in chapter viii. 

Crystals of cholcstcrine are occasionally met with amongst 
the cheesy matter which makes up the greater part of some 
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tuberculous masses found in the lung after death, especially 
when these are circumscribed and thus prevented from 
escaping into the bronchial tubes. If, however, no crystals 
can be detected, a i)ortion of the mass, placed in a watch- 
glass, may be treated with a few drops of alcohol. As the 
alcohol gradually evaporates, beautiful crystals of cholcs- 
terine form, and may be subjected to microscopical examina- 
tion in the usual manner. 

The small, white, calcareous masses, which arc not unfre- 
qucntly met with in the lungs of phthisical patients, and 
wdiich are from time to time expectorated in sputum, may be 
examined as opaque objects, with low powers; or fragments 
may be broken off, and subjected to examination. After 
having been dried, they may be placed in turpentine or 
Canada balsam. 

If we test them with a drop of acetic acid, ^yc shall find 
that th(‘y dissolve with effervescence, showing the presence 
of carbonate. One part of the acetic acid solution may then 
be tr(!.ated with excess of ammonia, when a precipitate of 
phosphate of lime will be immediately throwui down. The 
])rescnee of lime may be detected in the other portion of the 
acid solution, by adding to it a little solution of oxalate of 
ammonia. 

The relation of the tuberculous matter to the w alls of 
the air-cells, can only be demonstrated in an injected speci- 
men of tuberculous lung. By many it is held that tubercle 
is nothing more than the altered epithelium of the air-cells. 
See Sputum,^^ § 273, Tlie transparent injecting fluids 
before recommended, aftbrd the most satisfactory results in 
inquiries of this nature. The examination of the solidified 
pneumonic lung, of cancerous lung, and other diseased con- 
ditions of the pulmonary tissue, is conducted according to 
the methods of investigation already described. 

Organs of Circulation. 

The method of investigating the structure of the arteries, 
has been described in page 174, and of the heart in page 186, 
so that it is unnecessary to discuss the subject further under 
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this head. The mode of demonstrating the arrangement 
of tlic capillaries has been described. 

OllGANS OF SeCBETION. 

211. MAvev — General Examination. — The liver he sub- 

jected to examinatioTi in various ways, and to demonstrate 
its structure very difti rent processes are required. If the 
cells alone arc to he examined, a freshly-cut surface may be 
scraped with a sharp knife, and the matter thus removed 
placed in a drop of Avater or scrum, and covered Avith the 
thin glass. The appearance of a cell Avail is pretty distinct 
in Avatcr, hut I believe this is due partly to the difference in 
refractive power of the water and the material of Avhieh the 
so-called cell is comyioscd, and partly to the action of the 
water itself upon this. If the cells ‘he placed in serum or 
glycerine, they appear perfcctlj^ solid, and no envelope what- 
ever can be discovered. I have never been able to discover 
even the slightest interval between the supi^osed cell Avail 
and cell contents, which Avould ccrtaiidy exist, under certain 
circumstances, if the former structure Averc present. 

In order to demonstrate the relation which the diflerent 
elements bear to each other, the best way is to cut a very 
thin section by means of Valentin’s knife, from the fresh 
liver; or thin sections may be taken from portions of liver 
which have been hardened in alcohol, chromic acid, &c. 
The vessels of the liA’^cr may sometimes be demonstrated by 
Avashing the cells aAvay from a thin section AAuth a stream 
of water, and then treating it* with a little dilute caustic 
soda. In specimens prepared in this Avay, however, the 
capillaries are often quite invisible. From the extreme 
tenuity of their walls in many cases, not a trace of them can 
be discovered, indeed the existence of the capillary wall can 
only be jjrovcd by filling the vessels Aivith transparent injec- 
tion in the first instance. 

A consideration of the vapous elementary tissues of 
which the different organs of the body are composed, would 
of itself almost lead to the inference that several different 
methods must be employed when we desire to demonstrate 



204 THE MICROSCOPE IN CLINICAL INVESTIGATION. 


their individual cliaractcrs. The medium in whicli these 
diflerent tissues are most satisfactorily examined, depends 
upon certain physical characters, cliemical composition, trans- 
parency and refractive power. It is, therefore, next to im- 
possil)le to demonstrate all the anatomical elements of which 
an organ is composed in one single specimen. The student 
should hear in mind tliat the idea of the organ as it exists 
during life, is formed from building up, as it were, in his 
own mind the various structures, the arrangement of which 
lias h(!eu demonstrated by several distinct methods of 
investigation. 

21N. On »<*moiisir«.tliifir tlie ^Strurturi^ «f tlic Liver. — The 

investigation of the structure of the liver is somewhat dif- 
ficult, owing to the numerous distinct tissues which compose 
th(^ organ and their ihtimatc connection with each otlicr. 
1 shall discaiss, in the first place, the mode of investigating 
the anatomy of the healthy liver; and, secondly, refer to 
methods a])])licable for asecirtaining the nature of some of 
the morbid cluinges to whicJi the organ is liable. 

Ijohalcs of the Liver . — The arrangement of the lobules 
in most livers is very different to that of the pig. In the 
latt(!r there are distinct lobules, each being inclosed in a 
capsule of fibrous tissue. In the human liver, and in that 
of most animals, although there is a mapping out of the 
entire organ into small elementary organs, or lobules, these 
are not separated from each other as in the pig, but the 
capillaries of one lobule communicate at various points with 
those of adjai^cnt lobules. Tliey are not separati^d by fibrous 
or other tissue, and no structm*e answering to the description 
given of Glisson^s capsule, can be demonstrated in this 
situation. Great confusion with regard to the nature of the 
^^lobulc,^^ has arisen from observers considering the pig^s 
liver as the type to which others should be referred, whereas 
its arrangement is exceptional and totally diflerent from the 
human and most mammaliau livers. 

Of the Healthy Liver. — To demonstrate the general arrange- 
ment of the vessels and duct. 

Portal Vein. — The general arrangement of the portal 
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vein may be cnsily clcmoiistrated by injecting!; one of the 
large trunks of tliis vessel. Any of the ordinary injecting 
materials may be used, but I prefer the Prussian blue injec- 
tion to wliicli sufl[i(*ient gelatine has been added to cause it 
to set firmly. It is desirable not to attempt to make a very 
complete injection, but to leave the ca])illari(*s, in the centre 
of the lobules, in an uninjected state. 

Hepatic Vein . — The same process is applicable for demon- 
strating the arrangement of the branches of tlie hepatic 
veiii. The injecting ])ipc may be ]>laced in one the 
branches exjiosed on the cut surface of the liver. The 
injection runs very readily, and upon examination it will be 
found that the cai)illari(‘s in the centre of the lobules only 
arc filled. AViien the injection has set, thin sections may 1)0 
cut with Valentines knife or with thft doubhvedged scalpel ; 
and it is desirable to take several thin S(*ctions from the 
surface of the organ. The sections may be ])reserved in fluid 
or dried and mounted in Canada balsam ; T much ])r(‘fcr 
glycerine as the preservative medium. 'Jlie portal vein may 
be inject(!d in one part of a liver, and the hepatic vein in 
another ])art. Sections of the latter, of course form the 
exact com])lcment of those of the fornun*. In tluj om?, the 
central portion of the lolnde has Ix^en injected, whiles in the 
other, the injection is confined to the vessels and capillaries 
at the (drcuraforencc of the lobule. By injecting the portal 
and hepatic veins of a liver Avith difibrent colours, these 
points may be shown in one preparation. Beautiful speci- 
mens of this kind may be prepared by injecting one vessel 
with carmine and the other with Prussian blue (j)age 08). 

Artery . — The arrangement of the artery is also shown 
by injection ; the surface of the organ is su])plied hy an 
extensive arterial network, and the portal canals also contain 
a similar network. The coats of the duets are largely suj)- 
plied Avith arterial blood, and the finer ducts arc in close 
relation with numerous small Ijranches of tlie artery. The 
precise mode in Avhich the blood is poured into the veins has 
been a subject of great dispute, but I have many preparations 
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which show that the blood is poured into the postal capil- 
laries near the circumference of the lobule as Kiernan long 
ago inferred, and not into those near the centre.* 

210. Of IiiJcctlnfiT the liuctti of the L.fTcr. — In order tO 
inject the ducts of the liver, it is necessary in the first 
instance to remove tlic bile, for the greatest amount of force 
which can be employed is insuflScient to cause this- fluid to 
permeate the ducts, and it is quite iin])ossiblc to make the 
injccUon pass it. In fact after death, the smallest ducts 
almost invariably contain a certain quantity of bile. By 
injecting water into the portal vein for some time, a certain 
quantity permeates the capillaries and passes into the duets. 
Tims tlie bile becomes diluted, and is forced out from the 
duct. Gradually in this manner the ducts are, as it were, 
washed out, and every particle of bile removed and made to 
flow out in the same direction as that in which it passes 
during life. 

Since the publication of my paper in the Phil. Trans, for 
1855, and memoir uj)on the anatomy of the liver, in which 
this mode of investigation was dcseribed,t some observers 
of high authority have expressed a doubt as to the possibility 
of forcing water through the vessels, to the extent advocated 
in my ])aper, without their rupture, and the destruction 
of the other structures. The plans which I followed have 
been repeated several times, and have in every instance con- 
tirmed the results which 1 previously arrived at. It is 
desirable to describe the process somewhat at length, so that 
other observers may find no difficulty in following out the 
plan. 

Injection of the Liver with Water . — A large pig^s liver 
within half an hour after its removal from the animal, was 
arranged as follows : — A piece of glass tube, the sharp edges 
of Avhich had been removed, and one end a little enlarged in 
the blowpipe flame, was inserted into the mortal vein. The 

* “ Phil. Trans.,” 1833. 

t On the Anatomy of the Liver,” illustrated with sixty-six photograpl^ 
of the drawings, 1856. 
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vessel was tied round the tube with strong thread, all chance 
of slipping being prevented by the dilated extremity of the 
tube. A piece about four inches in length was inserted into 
the hepatic vein in the same manner. The liver was placed 
in a dish, over the edge of which the tube inserted into the 
hepatic vein was allowed to project, in such a way that fluid 
flowing from it would be conveniently received in vessels 
placed near the stool upon which the dish was supported. 
A quantity of water at about the temperalure of 100^ Fahren- 
heit was ])laced in a vessel about four feet above the liver. 
Tire water from this reservoir was conducted to tlic portal 
vein by means of a glass syphon and India-rubber tube 
provided with a stopcock. Before connecting the flexible 
tube with tlie portal vein, some of the water was allowed to 
flow freely through it, and permitted to gravitate into the 
vein in such a manner as to allow all the air contained in 
tliat vessel to rise to the orifice of tlic tu})e before the con- 
nection was rendered complete. It is very necessary to 
j)revent air from being driven into the capillaries ; for if this 
should happen, ru])ture of the vessels and extravasation of 
the fluid will inevitably occur. The liver Iniviiig been kept 
warm by the aj)plication of cloths dipped in liot water, 
the stopcock was turned so as to allow the water at lOO^ 
gradually to pass along the branches of the portal vein, and 
traverse the capillaries of the lobules. If such an arrange- 
ment be made we shall invariably notice that the entire 
organ soon swells to twice its size, while blood slowly trickles 
from the tube inserted into tlic hepatic vein. The blood 
soon becomes paler in consequence of its dilution with the 
water, the liver becomes tense, and the whole surface moist 
in consequence of the transudation of a little water; the 
small arteries are distended, the lymphatics are gorged, and 
the areolar tissue surrounding the vessels in the transverse 
fissure becomes puffy from the accumulation of water; bile 
passes along the duct, and tli^ gall bladder becomes filled. 
Its contents may be forced out through the common duct by 
pressure, and it soon becomes rc-filled, and this process may 
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be repeated many times, the fluid which is removed contain- 
ing less bile each succeeding time. 

The water was allowed thus to wash out the vessels of the 
liver, and to permeate the ducts, for about four hours, and 
the fluid collected from the hepatic vein amounted to 344 
ounces. The last portions wliich passed through were per- 
fectly colourless, and contained no traces of sugar, which 
substance had been previously detected in considerable quari- 
tit 3 ^ The liver was then removed, and injecting - pipes 
inserted into a branch of each of the following vessels dis- 
tributed to different lobes : — portal veiuy hepatic vein, hepatic 
artery, and duct, A pipe should also be inserted into the 
branch of portal vein, distributed to the lobe in wliich the 
duct is to be injected. While the vessels are thus distended 
with water, branches are readily found, and the pipes can 
be inserted with ease. The liver was then wrapped up in 
soft cloths, small pieces of sjjonge being placed here find 
there, and subjected to considerable pressure during the next 
twenty-four hours, by being placed beneath a board loaded 
with about fifteen pounds. 

It is dcsiralile only to attempt the injection of the liver 
during cold weather, otherwise decoin])Osition may have com- 
menced before the fluid has been sufficiently absorbed to 
permit the introduction of the injection into the vessels. 

After the water has been absorbed, the liver is very much 
reduced in size, and almost of a clayey consistence. The 
vessels are now quite em])ty, and ready to receive any injec- 
tion which the observer may desire to introduce. As before 
stated, 1 have tried various kinds of the ordinary opaque 
injections, but although these may be forced in very satis- 
factorily, it is absolutely impossible that the arrangements 
of the duct can be made out, while the smallest branches 
can hardly be distinguished under these circumstances, as a 
higher power is required for their demonstration than can be 
conveniently applied to the ^examination of an opaque injec- 
tion. For these, and several other reasons, I have used 
transparent injections, and give the preference to the Prus- 
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sian blue solution, the composition of which is given in 
page 67. 

Some of this injection was carefully forced into the 
several vessels, until the masses of liver were properly in- 
jected. It is desirable not to push the injection too far, as 
more is often to be Icaimed from a partial injection tliau 
from one in which all the capillaries are completely filled. 

We have, then, one lobe in which the portal vein is 
injected, another lobe injected from the hepatic lyein, a third 
from the artery ^ and a fourth in which the injection has been 
forced into the duct. Of the three former, thin sections 
may be made after tlic lapse of a quarter of an hour, with a 
sharp double-edged scalpel, or with Valentines knife. These 
may be gently washed on both sm*faccs, and immersed in 
glycerine. After having been allowfcd to soak in this fluid 
for half an hour, or longer, they may be placed in a cell and 
subjected to examination. 

Before however the arrangement of the duct can be 
made out, a further operation is necessary. The injection 
forced into the duct will pass to the smallest branches, 
thrgugh which it will be conducted to the cell-containing 
network of the lobule. It will run amongst the cells and 
distend the tubes of this network to such an extent, that 
adjacent tubes will come into close contact — the capillary, 
which intcrv(uies between them, being empty, or nearly so. 
If a section were made, and examined, we should be able to 
make out nothing very definite \ the duet could be tracked 
into the lobule and shown to be continuou^i with the injected 
portion, but the individual tubes could not be made out, or 
at least, only one or tw^o here and there could be demon- 
strated. It is obvious, that if the capillaries were injected 
after the duct, this difficulty would cease, and the individual 
tubes of the cell-containing network w ould be separated by 
an injected capillary vessel. The lobe in which the duct has 
been injected is therefore to be placed in water slightly 
w arm, and the portal vein injected with perfecttly clear parch- 
ment-size. Al pipe has already been inserted into this vessel. 

p 
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When the capillaries are quite filled, the pipe is closed with a 
cork, and the lobe placed in cold water until the size has 
completely set.* * * § Thin sections may now be made in any 
direction, and as the lobe is very transparent, a small branch 
of the duct may often be followed for a very considerable 
distance. The sections should bei preserved in glycerine. 
By com]>aring specimens from the diftcrent lobes which have 
been injected, the peculiar characters of each vessel will bo 
readily made out. A rabbit^s liver is very easily injected ; 
but it is better to take one liver for each vessel, as the 
branches distributed to the different lobes arc too small to 
receive the pipes. 

After the pig^s liver liad been injected in the manner 
above described, tlnn sections were examined in the micro- 
scope, and with the aid of the neutral-tint glass reflector, 
their outline was traced upon transfer paper in the manner 
described in ])age 35, and drawings were made.f 

220. On tlie Arran of the VesNcls of the Oall-hlacldcr, 
TraiiNverHC FlHMure, and Portal Canals of the lliiiiiaii Liver. 
— The very peculiar arrangement of the vessels of the gall- 
bladder is referred to in my Monograph on the Liver,^^ 
page 29. The only author who had previously noticed this 
beautiful disposition of the vessels, is Professor E. II. Weber, J 
but he makes no mention of a similar arrangement of the 
vessels in the transverse fissure, and in the portal canals; 
and it is surprising that, at least as far as 1 can ascertain, no 
observer has yet figured the very remarkable disposition of 
these vessels. § As the arrangement of these vessels is very 
beautiful, and the preparation from which the drawings w^ere 
copied tolerably perfect, I introduce them here for the sake 


* For this purj'wwe it is Letter to employ a mixture of size and glycerine. — 
“ How to Work with th(» Microscope,” pnge 38. 

t ‘'Archives of Medicine,” No. 1., Plates 1., IT., III., and TV. 

X “ Annotationes Anatomica? et Physiological. l^rogrammata Collccta 
I'asciciilus II,” page 225. Bei-ichte iiber die Verhandlungen der Kdniglich 
j^achsischen Gesellschaft zu Leii>zig,’i No. HI., 1850, a, 185. 

§ The arrangement of the vessels and vasa aberrantia iu the transverse 
fissure of the human liver is re]>resonted in fig. 25 of “ The Anatomy of the 
Liver,” and in fig. 1 of my pa^Kjr in the “ Phil. Trans.” for 1855. 
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of illustration. The gall-bladder^ the transverse fissure, and 
the portal canals are, as is well known, abundantly supplied 
with arterial blood, especially in the neighbourhood of the 
ducts. In these localities there exists an arrangement which 
permits the free circulation of the blood through the arteries, 
and facilitates its return into branches of the portal vein. 
Each branch of artery is accompanied by two branches of 


Fif:. IGs. 


Fig. lf>9. 



Vrsacla of U»r gall-bladdor as seen from the 

oiitiT surfacii. The artery was iajectcU with vermilion, 
and tliis reiitral vessel is left white in the cut. The vein 
was injeeled w’ith white lead, and is dark in the drawdnjr. 
One hianeh of vein is seen on eaeh side of every branch 
of the artery. f)iie-half larger Ilian natural. 


Vessels in a ]»orlal canal 
of the hnman liver injected. 
Tin; centntl dark vessel is the 
artery. The veins have been 
lett figbt. Two accompany 
each branch of artery us in 
tlie gall - bladder^ Natural 
Bi/.e. 


the vein, and this arrangement exists even in the case of very 
small divisions. The small branches of the arteries anasto- 
mose vciy freely, in some cases forming five or six-sided 
spaces, so that an arterial network is formed. This is met 
Avith on tlie external surface of the gall-bladder, fig. 1G8, in 
the transverse fissure, and in the portal canals. The vessels 
composing this network are accompanied on cither side by 
a branch of vein. These also form netw'orks, and the two 
venous branches communicate freely with each other, by 

V 2 
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transverse branches which pass over or under the artery. 
The trunks of the veins and arteries arc of course distinct, 
and the blood, as in other eases, passes through capillaries 
before it reaches the veins. The vessels described are from 
the eighth to the twentieth of an inch in diameter. Such 
an arrangement of double veins facilitates the rapid return 
of the blood after it has passed through the arteries, and, as 
each branch of the vein is as large as the artery, would 
permit the return of a larger quantity of blood by the veins 
than M'as transmitted by the arteries in a given time, in ease 
the volume of blood should have been increased by the 
absorption of fluid.* 

221. Liver cciiH. — The hepatic cells even in a state of 
health, generally contain a few oil globules, which vary a 
good deal in size, but which are for the most part very 
minute, fig. 170. In disease the cells may become wasted 
and shrunk ; they may be filled with granular matter, or 
gorged with fat, as shown in the cell situated in the centre 
1 %. 170 . of the figure ; or the fatty matter may have 

increased so enormously in quantity as 
, to cause the obliteration of the cell form 

altogether, in which case a thin section 
^ • : o of the liver will be found to present, under 

Livw- colls, coiitami the microscope, an appearanee not to bo 

few oil globules, llicnn- ... * ■* . 

cictis and iincicohiR arc dia- distiiis^uished froiu orduiarv fatty tissue. 

tiiict in the cell on the rn^ht ® J J 

buna, X 21 .-.. ]^ot uufrcqucntly the cells of the liver, 

especially those in the central part of the lobule, will be 
found to contain granules of yellow colouring matter. The 
cells of a fatty liver contrast remarkably ivith the starved 
state of the cells of a scrofulous liver, or with the pale 
granular cells which arc often met with in the liver of patients 
who have died of diabetes. Chemically, the amount of fat is 
found to vary much, and the balance shows the enormous 
increase in a more striking point of view than the microscope, 
h’rom a fatty liver which I analyzed some time ago for 


* ** Archivcjs of Ko. II, 
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Dr. I3u<l<l, I obtained as much as G5‘19 per cent, of fatty 
matter ; and upon comparing this with the quantity obtained 
from a scrofulous liver, a remarkable diflerenee was noticed, 
for in the latter only '57 grs. per cent, of fatty matter were 
obtained. The nature of the so-called liver cell has been 
already referred to in page 151. 

222. Of Injecting the I.ynipUatIcs of the I.ivcr. — Many 
unsuccessful attempts had been made to inject the lympha- 
tics of the liver, before the plan which ultimately succeeded 
was adopted. I had been able to force injection for some 
distance along the larger trunks in tlic opposite direction 
to that in which the valves opened, but could not obtain 
satisfactory injections of tbc smallest vessels. The largest 
lynn)hatic vessels in the portal canals arc often injected by 
rm)turc of the coats of the duct, and by extravasation of the 
injection, as Mr. Kicrnan remarked in his paper. The same 
has many times occurred to myself, but under these circum- 
stances the injection always runs towards the transverse 
fissiu’c, in the direction which the arrangement of the valves 
jicrrnits the fluid to pass readily, and the smaller brandies 
of lymphatics are never injected. The plan which 1 adopted 
was the following. An ox liver was thoroughly injected with 
warm Avater from the portal vein, as if the ducts Averc to be 
injected; gradually the organ became distended, and much 
fluid returned by the lymphatic vessels. Many large trunks 
running over the surface were fully distended with water. 
Into one of these swollen trunks a small pipe was inserted 
without much difficulty, and the vessel was tied round it. The 
Avholc organ Avas wrapped up in cloths and subjected to 
considerable pressure for upwards of twenty -four hours. 
When the water had been absorbed, the lymphatic vessels 
were quite invisible, and it would have been impossible at 
this time to haA'c found a trunk into which a pipe could have 
been inserted. A little of the Prussian blue injecting fluid 
AA'as now forced into the pipe from a small syringe. It passed 
for some distance along the trunk of tbc vessel, and by 
pressing the large trunks a little from time to time, waa 
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made to pass the valves, and so forced into the smaller 
branches. By using slight but gradually increased pressure, 
the trunks were so distended as to render the closing of the 
valves impossible. In the course of half an hour or longer, 
an abundant network of lymphatics upon the surface had 
been fully injected, without any extravasation. It was now 
considered desirable to wait awhile, before introducing more 
fluid. After a few hours the injection was resumed until as 
much fluid had been forced in as could be introduced without 
running the risk of rupturing the vessels. I have tried the 
same plan with the human liver, but hitherto with very 
imperfect success, the trunks arc much smaller, and their 
walls more delicate than those of the liver of the ox. 

After the lymphatics had been injected as above described, 
thin pieces were removed for microscopical examination. 
Upon cutting thin sections from the surface, it was dis- 
covered that the injection had passed into many of the 
lymphatics of the portal canals, not only into the canals 
just beneath the capsule, but into some lying at the depth 
of an inch or an inch and a-half in the substance of the 
liver. 

I know of no drawing or description of the smallest 
lymphatic vessels, cither of the surface of the liver or the 
portal canals, and the appearances delineated in the accom- 
})anying woodcuts, figs. 171, 172, could only be obtained 
where a transparent injecting fluid had been cmjdoyed, so 
that the specimen could be examined by transmitted light. 

The iietAvork which lies j)artly in the substance of tlic 
fibrous capsule of the liver, and partly immediately heueath 
this structure, is represented in Plate XI Y., “Archives of 
Medicine,^^ No. II. The smallest vessels have been injected, 
though in many situations not quite perfectly. There can, 
I think, be little doubt that the smallest branches form an 
intricate network. I have not been able to demonstrate the 
existence of blind e-xtreraities, although I am not in a posi- 
tion to assert that lymjdiatic vessels never commence in this 
manner. In the plate referred to, some very narrow branches 
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arc represented, many not being more than 1 -2000th of an 
incli in diameter. In tlic preparation from which tliat draw- 
ing was taken, a network is seen in many places, and the 
branches Avliich do not absolutely communicate arc in many 
instances exactly opi)Osite each other, a circumstance which 
renders it more probable that the tube in the interval is 


Pig. 171. Pig. 172. 



Lyniplintics from a portal canal of the liver of 1 lie ox. Several small A jmrtioii of the network repre 

branches are been passing along tlie smaller canals, x 15. • sciited in fig. I 7 I, more highly mag 

nified, x 215. 

uninjccted, than that there arc coccal tubes lying immediately 
o])posite. The point at which the injection ceases is ragged, 
and of tlic same diameter as the rest of the tube, while if 
there were commencing blind extremities, they would be 
rounded, and probably a little wider than the rest of the tube. 

In many places the injection had accumulated in front of the 
valves, and had distended the tube very much. 

In fig. 171, from a portal canal, the injection is perfect, 
although doubtless the tubes arc distended beyond their 
natural extent. Here, evidently, there is a network entirely 
surrounding the vessels and duct lying in the portal canals, 
and on either side of the large canal, smaller ones are observed 
to pass off. These also •have their lymphatic vessels. No 
blind extremities can be found, and if they existed, I think 
at least a few would be distinguished in a part of the prepa- 
ration where the injection is evidently very perfect. 
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I have not boon able to determine positively if branehes 
enter the substance of the lobules from the portal canals^ 
although many appearances have been observed which render 
this ])robable. In some jdaccs injection seems to have passed 
from the branches in the portal canal, to some distance witldii 
tlie lobule, and, as far as 1 can make out, it is situated 
between the capillaries and the cell containing network. 
There is no evidence of extravasation, and the appejirance 
])rccisely accords witli what one would cxj>cct to find if the 
al)ov(^ view wer(^ true. Nevertheless, 1 am unwilling to 
advance hypotheses or indulge in speculations as to the 
])re:cisc natTirc of an arrangement which is doubtless demon- 
strable, and think it better to w^ait the result of further 
investigation before publishing the drawing of the appear- 
ance above referred to. ' 

229. Of InvcMtf Katin tlic Nature nf Mcirlifcl CliaiiKCN occur. 
iiiK 111 tiic Liver. — It would occupy too much space to describe 
the methods of investigation required to demonstrate various 
alterations in structure which take place in the liver in 
disease, but a few general observations upon this head 
may perhaps be useful. 

In investigating the morbid changes occurring in an 
organ having so complex and delicate a structure as the liver, 
it is of the first importance to ascertain positively the precise 
locality of the changes. Although it would appear at first 
sight a simple matter to settle whether any given alteration 
was situated in the centre or at the circumference of the 
lobule, this is often a matter of great difficulty, for although 
the position of the artery and duct would enable us to ascer- 
tain at once the circumference of the lobules, these tubes 
arc often not to be distinguished unless they have been 
injected previously. The observer will find that it is better 
in the first instance to inject a branch of the portal vein in 
one ])art of the liver, and one of th« hepatic vein in another. 
This will enable him at on/^e to distinguish the different 
parts of the lobule. Practically this plan is simple enough 
if the Prussian blue fluid be used, and even very small pieces 
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of liver sent for examination, may he injected in this manner. 
A A’cry imperfect injection is all that is rcquirc'd to settle 
this point. It is of very great importance to determine in 
some instances the precise situation of a particular niorhid 
change. For instance, in some cases fatty matter accu- 
mulates in the centre, and in others at the c‘ireumferenec 
of the lobules, and although the arrangement of the oil 
globules in the two cases is somewhat diHerent, and by 
a practised eye could be distinguished, tlu' obs(U‘ver will 
be able to decide the point at once, and (luite i)ositively, 
if he takes the trouble to inject a branch of the 2>ortal or 
he2)atic vein. I need hardly remark that trunks of moderate 
size are readily distinguished from each other® and the portal 
vein is always accomjranied by a bi*aneh of artery and duet 
which however cannot always be seefn. In many cases it is 
irniiortant to observe the character of the cells in dillerent 
parts of the lobule, and to distinguish between those situated 
in its (^entr*al and external jiarts. 

Ill some cases of disease, a wasting occurs in the centre 
of the lobules, and when this has aflected several adjacent 
ones, an aiqicaraiice like interlobular fissur*cs is j)ro(hK‘ed, 
and without the knowledge of this fact, the central jiart 
of the lobules might easily be mistaken for their boundaries. 
Again, the capillaries are jirone to degenerate in some 
diseases, and their canals to be obliterated. This commeiiecs 
sometimes in those connected with the jiortal and sometimes 
in those opening into the heiiatic vein. 

It has been held by many that cirrhosis consists essen- 
tially in the effusion of lyiniih in the interlobular fissures, 
which by its contraction and subsequent conversion into 
filirous tissue, imi)edes or entirely jirevents the circulation in 
the lobule. It is easily shown that this material is abundantly 
sup2)lied with vessels, and I haic demonstrated branches of 
the duct ill considerable number. (^SVrehives,^^ No. II.) 

In certain conditions the walls of the ca2)illaries ai)2)ear to 
be much thickened, or an albuminous material efiused between 
them and the tubes of the cell containing network, or the 
thickening may, and probably does, affect both structures. 
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In consequence, the distance between the cells and the blood 
becomes much increased; their selective agency and attractive 
force operate tlirough a greater distance than in health, 
and tlie changes in tlic blood effected by the cells, arc 
imperfectly carried on. Such a point as this cannot be 
demonstrated without great difficulty, and it is necessary to 
make very careful injections. 

Much yet remains to be made out in the morbid anatomy 
of the liver, and there arc few inquiries more likely to lead 
to important results than these, not only as regards pathology, 
but also with reference to the treatment of disease. The 
extent of the subject is such, that a number of observers 
may find employment, and it is one which well deserves to 
receive earnest and attentive study.* 

224. Kidney. — In the examination of the kidney, the 
epithelium and fragments of the tubes may be readily 
obtained by scraping the freshly cut surface. In this manner 
also Malpighian tufts may often be separated, but it is impoi- 
siblc to ascertain the relation of the difterent structures to 
each other, as by the process of scraping they arc inevitably 
very much torn. A thin section in Avhich these points may 
be demonstrated, is obtained cither with a sharp thin-bladcd 

knife, or more advantageously with a 
Valentin’s knife, by which means a 
section including both the cortical and 
medullary portion of the organ may 
be made. After washing the section 
V('ry slightly, it may be placed with a 
drop of >vatcr between two pieces of 
glass, and examined in the microscope, 
first using a low power (an inch glass), by wdiicli the general 
arrangement of the tubes will be seen, and afterwards a 
quarter of an inch object-glass, by the aid of which the 
different characters of the epithelium in the straight and 
convoluted portions of the tqbes may be demonstrated. 

225. Basement Hfembrane and Bpltlielluiii. — Just at the 

* A fow pajH'rs on the Morbid Anatomy of tlu* Liver will be found in the 
iinmlx^rs of the “ Archives of Medicine.” 


rip:. 17;^. 
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KpitlK^liinn from tlir iiriiii- 
ferouH lube. ft. Treated witli 
nceiic acid, x 215. 
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edge of the specimen, a portion of a tube stripped of epithe- 
lium, and exhibiting the basement membrane very distinctly, 
may often be observed (fig. 174i). The thick polyhedral 
cells of glandular ei)itheliiim of the convoluted portion of the 
tubes (fig. 1 73) should lii?. 174 . 

be compared with the 
flat squamous cells which 
occupy the straight part. 

It will be found that in 
the latter the central 
channel is wider than 
the former position, 
the total dia- 
meter of the tube is 
less. This arises from 
tlie greater thickness of 
the secreting e])ithclium 
in the convoluted portion. 

The e[)ithelium of the 
convoluted ])art of the 
uriniferous tubes has been 
described by Dr. Isaacs, 
of New York, as tessel- 
lated.*^ Ill looking at knueklc's of tubes, an appearance is 
often produced as of a cirCT.nnscribcd cyst, arising, as Dr. John- 
son has shown, from the bending of a tube as it enters and 
emerges from the diflerent meshes of the capillaries, fig. 174. 




/ 






jO:XG' 


Section of kidnry. rr. Convoluforl portion of'uriiii- 
feron.s tube. A. A Inlio of i(« (•pitliolimn. 

r. Oiidiiic of lubfH luid rruinpicd capiIlnncH 
51 liliroiis appcanincr — tlio Ro-mllcd //m/rijr. i/. Miil- 
pifrliism body. Loops of vcssols slirunk, allowing cidla 
111 tbeir \v:i 1 )h, x 


* Some confusion seems to lum; uriacn in reference; to the use of the term 
tesaeUatc^dy whkdi has been made by some untliors synonymous with polyhedral. 
It see ‘ins hcttt‘r to restrict tlie term to those varieties of cells whi(!h are exceed- 
ino:ly thin and tile-like (if I may he jicrniitted to use such an exiirossion), and 
litted to eaeli other hy their inaru^ins, alter the manner of a tessellaU'd jiave- 
ment. If the cell was nearly as tliiek in one direction as in the other, the term 
would he ina]>jdieal>le. Tla; internal layer of choroidal epithelium is a gfKxi 
exam])le of the tessellated variety, but the term ch;arly onjj^bt not to be aiijdied 
to the rjiilbelium of the livt*r and kidney. l>r. Isaacs, I think wroiifjly describes 
the liver cells when In* says that they restanble tessellated ( pillielinm,'’ and 
be also considers tlie renal epithelium to lie of the same character. — “ llesearehcs 
into the Structure and Physiology of the Kidney,*’ hy C. E. Isaacs, M.l)., 
Transactions of the New York Academy of Medicine,’* 1857. 
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The cut cuds of the tubes oftou appear curled over, as it were, 
giving the appearance of a thick ring. 

Mai rix.- -The appearance which has been described 
as resulting from the prcscmcc of a matrix may be seen very 
clearly in a section of the kidney of a mouse, or in that 
of many oilier rodents. Of late, much discussion has arisen 
with reference to the jirescaice or absence of a fibrous matrix 
in the healthy human kidney, and oliservcrs are not agreed 
as to which is renlly the ease. It was first described by 
fJoodsir; and both Kdllikcr and Dr. Johnson have given 
drawings representing it very distinctly. It must, however, 
not be forgotten how very difficult it is to say how much 
of the apiicarancc is due to the presence of the walls of the 
tubes and capillary vessels, and how much to the existence 
of a structure (the so-called matrix) independent of these. 
AVhere the capillaries arc injecl(!d with transparent inj('ction, 
no fibrous ajipearance is to be detected; and 1 believe', at 
least in healthy kidmws, that the material resembling fibrous 
tissue, really consists of the walls of the tubes and the 
shrunken and compressed capillary parietes. I have been 
brought to this conclusion from examining a great number 
of sjieeimcns prepared in various ways. The only structure 
which exists besides these, is a small quantity of a clear 
transparent material, which connects the walls of the capil- 
laries with those of the tubes ; in* healthy kidneys it is not 
easy to convince onc^s self even of the existence of this. The 
nuclei visible in such great number, ar(i probably situated in 
this interval, but of the nature of these little is yet known. 
The aiipearanccs above alluded to may be observed if a thin 
section of the kidney be made wdth Valentines knife and 
slightly washed in w ater. Such a point requires to be in- 
vestigated in various ways before any conclusion can be 
arrived at, and it is essentially necessary that the vessels 
should be slightly distended with transparent injection, other- 
wise their shrunken condition may easily be mistaken for a 
form of fibrous tissue.* In disease the fibrous appearance is 

* See also page 161 and a paper in the Archives of Medicine/^ No. 11 J. 
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more distinct, but I think it may be explained equally well 
by considering it as due to the formation of a new tissue 
altogether, or thickening of the walls of the vessels or tubes, 
as by attributing it to a thickening of the matrix. In some 
cases, in consequence of shrinking of the tubes, the meshes 
of the matrix appear more distinct than in health.* 

229. 'Vessels of tbe Malpinriiian Tuft. — Here and there, 
apiiarently upon the vessels of the Malpighian tuft, hg. 17-1^/, 
a few ccll-likc bodies arc often seen. These have been 
described by some as epithelial cells upon the external sui’facc 
of the vessel, but the rcseai’chcs of Mr. IJowmaii proved 
that the vessels arc quite bare. The apj)caranee of epithe- 
lium upon the surface of the vessels, is caused by the loops 
of capillaries being shrunkem and collapsed. W'hcu dis- 
tended with trausj)arcnt injection, no such appearance is 
observable, but here and there a few very small granular cells 
arc observed. These cells, or nuclei, arc probably connected 
w'ith the wall of the vessel. This subject has been already 
referred to, page 104, fig. 154. 

Dr. Isaacs has since published a number of drawings to 
prove that epithelium exists on the vessels. In one of his 
drawings (Plate XX V .), the diameter of these cells is even 
greater than that of the uriniferous tube — which is hardly 
probable could be the ease, even though they were mueli 
swollen by cndosmosis.t Although 1 have examined kidneys 
of various animals in diflerent ways, and liave tried the plan 
recommended by Dr. Isaacs, havt; never been abh; to 
confirm the conclusions he has arrived at with reference to 
this point. J 

* “ Oil DiHcasos of tlio Kiiliipy/’ 323. 

t “ Structurti niid I'hysiolo^y of the Kidney.'* — (Tniiisactioiis of the New 
York Academy t)f Medieiiu*, Vol. i., 1K57.) 

+ Dr. Isaacs injects watery and ethereal solutions into the ureter and lairsts 
the capsule, the Malpighian tuft having lx*en sliglitly injected from the artery 
in the first instaiK!i‘. Hy soaking fine scrapings t>f the kidney in water for a 
few days, the e})ithelial eells within the ^uipsule were waslied out-, so tliat the 
s]uice thus left Ixitween the tuft ami ea])sule liecauii? filled with water which had 
soaked through the eapsule. 'Fhese prmx*SHes seem simple (^nough, though 
I should think it a very difficult matter to inject fluid into the tubes so us to 



222 THE MICROSCOPE IN CLINICAL INVESTIGATION. 


2*8. itriffTiirN Kidney. — This term has been employed to 
include all those morbid conditions of the kidney which are 
associated witli albuminous urine. Of late, however, certain 
important characters have been made out, which have enabled 
us to distinguish several essentially distinct morbid conditions 
of kidney, wliieli result from special changes having taken 
place in that gland. Some physicians, nevertheless, still insist 
that the pathological states of kidney which have been 
described as distinct diseases, are really dificrent stages of 
the same disease. It is difficult, however, from a careful 
consideration of the facts at present known, to come to the 
conclusion that the small contracted kidney so commonly 
met with in old drunkards, with its rough tubcrculated 
surface, and diminished cortical portion, is a different stage 
of the fatty kidney, or that it results from the occurrence 
of morbid changes, at all resembling those which end in the 
X)roductiou of the large, smooth, and i)ale kidney of fatty 
degeneration. Microscopically, as well as chemically, these 
forms of disease arc distinguished by well-marked characters, 
while the history of the patient, the cause of the morbid 
alteration, and its results, arc totally different. Dr. Johnson 
distinguishes acute and chronic nephritis from ^^fatty 
degeneration,^^ and he gives cases of three other forms of 
disease Avhich have not been accurately described by any pre- 
vious writer; these are ^^waxy degeneration^^ (corresponding 
to, and often found in conjunction with the so-called waxy 
degeneration of the liver), 4^ iion-desquamative discase,^^ and 
^^suppurative ncpliritis.^^ All practitioners who arc in the 
habit of treating diseases of the kidney, should be acquainted 
with Dr. Jolinsoii^s researches upon the subject.* 

220. KicroNcoiiical Kxaiiiliiatlon of tlic Kidney in Disease. 
— Portions of diseased kidney are subjected to examination 

burst the capsule. I hope some day to liave an opportunity of seeing Dr. Isaac’s 
preparations, as I am compelled to confess that all the attempts 1 have made 
have quite failed in demonstrating «ny approach to the appearances he has 
described and figured so distinctly, neither have other methods of observation 
proved more suecessftd in my hands. 

* “ Diseases of the Kidney,” 1852. 
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in the same manner as specimens of the healthy organ. 
Sometimes a thinner seetion will he required, in consequence 
of the opacity resulting from deposition of fatty matter, or a 
morbid quantity of epithelium, &c., within the tubes ; or 
from thickening of the walls of the vessels, or the formation 
of a new material external to them. In the chronic nephritic 
kidney, the condition of the minute vessels should be espe- 
cially taken notice of, as their walls arc often much thickened, 
fig. 162, page 176. The addition of a little acetic acid, or 
weak solution of caustic soda, often renders the vessels very 
distinct; and if the preparation be well washed in water 
previous to examination, in order to wash away the epithe- 
lium and granular matter from the tubes, the walls of the 
latter and the vessels will be more distinctly shown. Injected 
spccimotis of diseased kidneys should also be submitted to 
examination. The kidneys of cats are usually found to have 
the convoluted portion of the tubes loaded with oil, and, in 
many instances, much oil is found in the Malpighian tuft. 
The fatty matter is frequently so abundant as to give the 
tubes the aj)pcarance of being injected with some white 
material when examined by reflected light. Sections of 
kidney may be preserved by immersion in some preservative 
solution, such as weak spirit and water, or in the creosote 
solution. They should be placed in large thin glass cells 
made after the method described in “ How to W ork with 
the M icroscope,” page 48. 

It is scarcely necessary to repeat here what I have already 
stated with reference to the importance of injecting the 
vessels with some transparent fluid. Even thoqgh a kidney 
be cut in several jdaces, the vessels in a small piece may be 
injected without much difficulty. 

230. Advaiitaisrcs derived from tlie Examination of the 
Orftans of the l.ower Animals. — The student will often expe- 
rience a great difficulty in making out clearly the structure 
of the kidney, liver, and other, organs, in a healthy state in 
man. Owing to various circumstances, particularly to post- 
mortem alterations, or to the commencement of morbid 
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changes^ the microscopical characters arc often but ill-defined. 
Great difficulty again is found in obtaining perfectly healthy 
specimens of these organs in the human subjfect, and it is 
only in the occasional cases of accidental death, occurring to 
young healthy persons, that we have an opportunity of 
examining the glands in a normal state. For these reasons, 

' great advantage will be gained by subjecting the correspond- 
ing organs in the lower animals to examination. In them, 
the structures will often be found more distinet, and may 
be more readily demonstrated. The importance of being 
thoroughly familiar with the structure and microscopical 
characters of any particular organ in a healthy condition, 
cannot be sufficiently dwelt upon, and it is to a want of this 
knowledge, that many erroneous descriptions of morbid 
appearances must be attributed. All who wish to use the 
microscope successfully, for the purpose of examining organs 
in disease, will do well to become acquainted with minute 
anatomy generally, not only of the human subject, but of the 
lower animals, for without such knowledge it will be found 
impossible to prosecute pathological inquiries with any degree 
of success. 

231. Liver of the Pip and other Animals ; Kidney of the 
Fronr, Newt, Horse, &c. — The livcr may be examined in dif- 
ferent animals. The anatomy of this organ in the Crustacea 
(crabs, lobsters), Mollusca (snails), and the coccal tubes which 
appear to represent the hepatic organ of insects, arc especially 
worthy of study. The liver of the frog, when injeeted, 
shows well the arrangement of the minute vessels, but there 
is no appearance of a division into separate lobules. Instruc- 
tive preparations may be obtained from the liver of fishes ; 
although in these classes the lobules are not separated from 
each other by a distinct interval, the arrangement of the 
vessels and their mode of distribution are the same in all 
vertebrate animals. Small branches of the portal vein, 
hepatic artery and hepatic duct run together and give off 
small branches, which arc separated from each other by about 
the same distance in all parts of the organ, and these alter- 
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nate with branches of the hepatic vein, so that every part 
of the secreting structure is only separated by a short 
interval from the small trunks of these vessels. If injected 
from the portal vein with one colour, and from the hepatic 
artery or vein with another, the injections may often be 
made to meet, and in this manner good illustrative specimens 
obtained. The best colours to use for this purpose are the 
carmine and Prussian blue solutions, §§ 97, 98, and the 
most beautiful appearance is produced when the portal vein 
is injected with the former, and the hepatic vein with the 
latter. 

Kidney of , Frog and Newt , — The general arrangement 
and structure of the kidney may he beautifully seen by 
examining a portion from a recently killed frog or newt. 
The tube, in the case of the frog, will be found ciliated for 
a short distance from the Malpighian 
tuft j but in the newt the uriniferous 
tube in its whole length is lined with 
ciliated epithelium, which continues in 
active motion for some time after the 
removal of the organ from the body of 
the animal. In order to display this 
beautiful object, we must proceed as 
follows : — After destroying the newt by 
cutting off the head, the abdominal cavity 
is laid open, and by turning the viscera 
to one or other side, the kidneys may be 
exposed. Towards the pelvis the kidney 
presents much the same appearance as in 
the frog: but, upon tracing it upwards, 
it will be found to become gradually 
thinner, and to extend quite into the 
thoracic portion of the animal. It is this 
upper thin part of the kidney which shows the ciliary 
motion to the greatest advantage, fig. 175a. A probe is 
represented in the cut underneath that portion of the kidney 
which should be examined. Here the secreting tubes lie 

Q 
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upon one plane, so that an individual tube may often be seen 
at one time with active ciliary motion throughout its whole 
length. A more beautiful object under a half inch object- 
glass, can scarcely be conceived. The portion of the kidney, 
above described, is to be very carefully removed from the 
body by delicate manipulation with fine forceps and a pair 
of scissars, moistened with a little water, or, what is still 
better, with some of the scrum of the animal, and idaced in 
a large thin glass cell, and carefully covered with thin glass. 
The cell should be sufficiently thick to prevent any pressure 
upon the preparation. After ciliary action has stopi)ed, the 
cilia are with great diflSculty distinguished. In examining 
the frog’s kidney, a thin section must be made with a very 
sharp knife, taking care to disturb the structure as little as 
possible. The section may be moistened with a little of the 
scrum, and examined in a glass cell. After examination by 
the low powers, both these preparations may be examined 
by a ])Ower of 200 diameters or upwards. 

Kidney of the Horse and other Animals . — The kidney of 
the horse is well adapted for displaying the Malpighian tufts, 
as in this animal they arc unusually large, and, when injected, 
show the arrangement of the vessels very distinctly. A 
section of the straight portion of the tubes cut at right 
angles from a fresh kidney, will show well the general 
anatomy of this part of the organ. In an injected kidney, 
such a section shows the outline of the tubes and their rela- 
tion to the capillary vessels between. Sections should be 
taken from the cortical portion of the kidney, from the bases 
of the pyramids, and in two or three positions nearer their 
apices. Such specimens arc very instructive, and afford an 
excellent idea of the general structure of the organ and 
the relation of its different anatomical constituents to each 
other. 

The kidneys of mice and other rodents, as above men- 
tioned, will be found to display the matrix well. All that is 
required for this object is to cut a thin section and wash it 
well previous to examination. The kidneys of rodent animals 
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are very readily injected, — and with the Prussian blue fluid 
in the course of a few minutes. The Malpighian tufts can be 
completely filled, and in many specimens, not oidy is the 
small artery leading to the tuft well injected, but the cflerent 
vessel and the capillaries into which the latter breaks up, are 
also beautifully shown. Such preparations are readily pre- 
served in glycerine. The kidneys of small fish and snakes 
are well worth careful examination. The tubes of the kidney 
of the common field snake {coluber natrix) will be found to 
be ciliated. 


Glands without Ducts. 

232. Examination of the Spleen. — The investigation of the 
anatomy of the spleen is one of the most diflicult researches 
the anatomist can undertake, and no one has yet succeeded 
in demonstrating satisfactorily the exact relation which the 
different anatomical elements bear to each other. The 
most favourable specimens are obtained from spleens which 
arc tolerably hard when removed from the body ; but at the 
same time it must be borne in mind that many of these firm 
hard spleens are not perfectly healthy. The spleen of many 
of the lower animals, as of the rat, rabbit, cat, and many 
others, arc very firm and well adapted for investigation. The 
spleen, like other organs, may be hardened artificially, but 
owing to the large amount of blood and dark i>ulpy material 
which it contains, and which is usually rendered very hard 
and opaque, little is to be made out in this manner. Different 
modes of investigation must be ’employed according to the 
structures to be examined. The various cells in the spleen 
pulp arc readily demonstrated by placing a small portion 
of the pulp on a slide and covering it with thin glass. It is 
important to look for large compound cells, consisting of 
aggregations of blood corpuscles, and it is desirable to notice 
if any blood crystals arc to be discovered. The pulp should 
not be diluted with water, in cpnsequence of the physical 
changes in the cells which would result. The characters 
of the different cells under the influence of acetic acid and 

q2 
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other chemical reagents must he noted. Blood crystals arc 
very frequently met with in the blood of the spleen as was 
first noticed by Fimke.* 

If it be desired to investigate the arrangement of the 
tissue of the spleen, it is desirable to choose an organ which 
contains very little blood, I have obtained some instructive 
specimens by washing the blood vessels out, in the fii'st 
instance, with tepid water. When the blood is removed, the 
organ is placed in cloths and subjected to pressure in order 
to remove the water j next, the vessels may be injected with 
plain size. 1 have some preparations in which exceedingly 
fine branches of the artery have been injected with the 
Prussian blue fluid, but I have not been able to ascertain 
their mode of termination. If the vein be injected on the 
other hand, thin sections appear almost like masses of extra- 
vasation. I have tried to inject the arteries with the Prus- 
sian blue solution and the veins with plain size, and although 
this plan, or some modification of it, will in all probability 
be found to succeed ultimately, I have never yet been able 
to obtain specimens which demonstrate the manner in which 
the arteries terminate, or their mode of connection with the 
veins. 

The trabecular tissue of the spleen is very readily examined, 
and its arrangement is well shown in specimens which have 
been injected with plain size, so that very thin sections can be 
obtained. Some portions should be treated with aeetic acid 
and the effects of other reagents aseertained. The muscular 
fibre cells are shown in portions of the tissue which have been 
immersed in diluted nitric acid. Dr. Billroth in his inves- 
tigations, found great advantage in the use of sesquichloride 
of iron for the purpose of hardening the sections.f For a 
description of the anatomy of the spleen, the reader is 
referred to Mr. Henry Gray’s " Astley Cooper Prize Essay,” 
and chapter xxxv. of Todd and Bowman’s “ Physiology.” 

* Vide not-c on ^lage 129. 

t Bcitrage zur vergleichcndeu Histologie der Milz, Muller’s Arcliiv./^ 
1867, page 88. 
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The connection between the appearance of a vast number 
of white corpuscles of the blood (Lcucocytliemia) and enlarge- 
ment of the spleen, has been shown by Professor Bennett, 
of Edinbui'gh. The characters of the blood will be referred 
to in a subsequent chapter, but for full information upon the 
whole subject, the reader is referred to Dr. Bennett^s valuable 
work,* 

233. Kxamlnatlon of tlic Tbymus and Thyroid, dec. — These 
glands should be examined in the perfectly fresh state. Thin 
sections, obtained by a Valentines knife, will afford the best 
specimens ; the section will generally require washing slightly, 
in consequence of being covered with the softer and pu]i)y 
l)ortion of the gland, wliich renders the arrangement of the 
tissue obscure. The glands may be hardened in a solution 
of chromic acid, in spirit, or in boiling water — but by 
these j)roccsses the cellular portion of the gland becomes 
somewhat modified. For making out the relation of the 
lobules and other structures to each other, hardened speci- 
mens are, perhaps, to be preferred. In many of the smaller 
animals the thyroid gland is almost membranous, and this 
renders it very favourable for microscopical examination, 
especially in the case of injected specimens. 

234. dxaiiii nation of Lympliatlc ana Lacteal Glands. — In 
the examination of these glands, a little of the thick fluid* 
wliich is poured out from a freshly-cut surface, should be 
placed between glasses, without the addition of water or 
any other i)rcparation, and examined in the microscope. 
The student should make himself very familiar with the 
character of the cells obtained from lymphatic glands, and 
should carefully observe their behaviour upon the addition 
of acetic acid, dilute solution of caustic soda and other 
reagents, and he should compare the changes which take 
place, with those which occur when the white corpuscles 
of the spleen, and white blood corj)uscles are treated in 
a similar manner. The resemblance of these bodies to pus 
globules should also be borne in mind, and the reaction of 

* '‘Clinical TxKitui'es on the Principles aiul Practice of Medicine/^ bv 
J. H. Ihnnott, M.l)., P.R.S.E., 1858. ^ 
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the latter should be very carcfiilly studied. The minute 
structure of lymphatic glands is an exceedingly difficult 
subject to investigate. 

My friend. Professor Bonders, of Utreeht, gave me a 
beautiful specimen of a mesenteric gland of the dog injected 
with vermilion. In this the substance of the gland appears 
to be composed of a dense network of lymphatic vessels. 

The student should endeavour to make preparations in 
which the lymphatics or lactcals have been injected with one 
colour and the blood vessels which supply the gland with 
another. 

The method of demonstrating the arrangement of lympha- 
tics has already been alluded to and many of the same 
remarks arc applicable to the investigation of these glands, 
pages 179, 213. 

235 . Suprarenal Capsules. — Until of late years the supra- 
renal capsules were very seldom examined even cursorily, 
and in the reports of many post-mortems, otherwise elabo- 
rately complete, the condition of these organs was not ‘even 
mentioned. In the j^ear 1855, Dr. Addison, of Guy^s 
Hospital, published his memoir on ^^The Constitutional and 
Local Effects of Disease of the Suprarenal Capsulcs.^^ The 
eleven cases there given, seemed to establish a relation 
between the deposition of brown colouring matter in the 
skin, and disease of the suprarenal capsules. Since this time, 
great attention has been paid to the state of those organs in 
all cases in which the colour of the skin has been observed 
to be at all darker than natural, and a great amount of very 
conflicting evidence has been obtained in this country and 
on the continent. Some observers have expressed themselves 
far more positively than Dr. Addison, in favour of the con- 
nection between the bronzing of the skin and disease of the 
suprarenal capsules ; while others have brought forward a 
mass of evidence which to them appears positively conclusive 
against the existence of any such connection. The latter 
consider that the cases in which the condition of the skin is 
associated with disease of the suprarenal capsules, are to be 
regarded merely as accidental, and they have taken great 
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pains to collect examples of bronzed skin where the supra- 
renal caj^sulcs were healthy, and instances of disease of these 
organs where the colour of the skin was natural. 

Now to a casual observer it would appear that a question 
of this kind could very soon be settled, and that it had 
already resolved itself into a mere quibble in which one set 
of men collected evidence on one side, while an opposite 
party was unworthily spending enormous labour and time in 
elaborate researches for the sole purpose of upsetting their 
conclusions and pushing an opposite doctrine. But every 
one at all accustomed to scientific investigation, and really 
working with the sole object of ascertaining the truth, must 
feel how very difficult it is, practically to decide a question 
of evidence of this apparently simple character. On the one 
hand there is the danger of being led into en'oi^from draw- 
ing conclusions from insufficient data. On the other, the 
chance of losing perhaps for ever a valuable and important 
conclusion because the facts upon which it depends, appear 
at the time to shine very dimly through an ovcrwhelmning 
mass of doubtful and conflicting evidence. When such a 
question comes to be taken up by others, it is impossible to 
help observing that while one class of minds have a natural 
tendency to confirm the opinions of the first observer and 
involuntarily almost, but eagerly, clutch at any isolated cir- 
cumstance w hich supports the original doctrine ; another 
class, perhaps over cautious, if this be possible, of receiving 
anything except upon the most incontrovertible evidence, 
involuntarily rush into the oj)posite error, consider as an 
accidental coincidence what may really be a consequence, and 
tlius they iicquirc a habit of scepticism. The original diffi- 
culty is for a time increased as the evidence on opposite sides 
accumulates, while a new element of discord is introduced 
in the production of a number of badly reported cases. It 
is only after the lapse of some time that the evidence amassed 
can be thoroughly sifted and thp truth at length discovered. 
On the present question it seems to me that we have not 
yet reaehed the period when a positive conclusion can be 
drawn. Many observers have takeiu up this investigation 
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seriously. The researches of Dr. Hutchinsou and Dr. Harley 
in this country, and those of Professor Brown Sequard and 
Professor Virchow, in France rfnd Germany, are particularly 
worthy of notice. 

It is important that all who are endeavouring to draw 
conclusions in this investigation, should consider the follow- 
ing points! — 

1 . That until recently little attention has been paid to the 
state of the suprarenal capsules, but that during the last few 
years these organs have been very carefully examined. 

2. That there arc many cases on record of disease* of 
the suprarenal capsules without bronzed skin, and cases of 
bronzed skin have occurred without any disease of the 
capsules. 

3. There is reason to believe that the terra bronzed 
skin has been applied to very different appearances. 

4. All observers who have reported cases, have not been 
sufficiently careful to describe minutely the state of the 
sujirarcnal capsules. While some have spoken of these 
organs being in a morbid state upon the evidence of micro- 
scopical examination alone, others have only recorded cases 
in wdiich the changes were extensive and sufficiently evident 
to the most cursory investigation. It should be noted that 
great differences are observed in the microscopical characters 
of these organs in health, or at least in the case of capsules 
wdiich have been removed from the bodies of persons appa- 
rently in good health at the time of their death, 

I trust these observations will not be considered altogether 
out of place here. The only apology I have to offer for 
their introduction is the knowledge of the numerous errors 
which have been from time to time introduced into investiga- 
tions of this nature, in consequence of those who take up 
the inquiry not being careful enough to record the exact 
nature of the facts upon which the evidence they try to 
bring forward in support of o^ against any particular doctrine, 
is grounded, and the firm conviction that it is the duty of a 
teacher, especially of subjects bearing directly upon medicine, 
to take every opportunity of directing serious attention to 
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the circumstances under which erroneous inferences may be 
deduced. 

The general form, shape, size, colour, and consistence 
of the healthy suprarenal capsules, are well known, but it is 
not so easy to define the microscopical characters of these 
organs in a state of health.* I think, generally, it is better 
not to attach much importance to the existence of a greater 
or less proi)ortion of fatty matter than usual, in the cortical 
portion. Certainly no alterations of this nature will justify 
the observer in stating the capsules werg disea.^ed. Tlic 
microscopical characters should be accurately described and 
drawings given. In the cases brought forward by Dr. Addi- 
son, the alterations were so great that it was not necessary to 
resort to microscopicjil examination to discover them ; but 
lately slight modifications in structure, only discoverable by 
minute observation, have been considered by some as sufficient 
to justify them in placing the case under the head of dis- 
eased suprarenal cajisulcs,^^ although as yet we arc (juitc 
ignorant of the nature or import of such alterations in 
structure, and indeed are unable to assert if they be morbid 
at all. 

Although the accompanying draw ings give a good idea 
of the general characters of the cortical portion of the 
su])rarenal capsules in health, it is only right to remark that 
great difference is observed in the proportion of fatty matter 
in capsules, which 1 believe to be healthy. The reader must 
therefore not put down as diseased every specimen which he 
finds differing in these particulars from the woodcut. 

The structure of the cortical and medullary portions of 
the suprarenal capsules is distinct. The former consists 
of nearly parallel rows of cells containing many oil globules, 
lying in a meshwork of capillary vessels, and passing from 
tlic internal, towards the external surface of the organ. The 
latter is composed almost entirely of areolar or fibrous tissue, 

* ‘‘ They moasnre from an inch atid a quarter to an inch and tliree 

quarters in lieifjfht, and about an inch and a quarU'r in width ; their thickness 
is from two to three lines. The weight of each suprarenal capsule in the adult 
is from one to two drachms.^' — Quaiii’s “ Auahnny,” Vol. iii., page 329. 
Huschke estimates the weight at from 80 to 180 grains. 
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and nerve fibres with cells resembling ganglion cells in some 
respects, which are very abundant. Leydig considers that 
the yellow ganglion cells in the central part may be gradually 
traced into the cells of the cortex. DifiPerent opinions have 


Pig. 17C. Fig. 177. 



Suprarenal bodies under diflFercnt powers. All tlic structures represented were obtained 
from organs whicli had the usual appearance of healthy bodies. 

Fig. 17fi. — n- From til e cortical portion, about midway between the medullary portion and 
the surface, showing the manner in which the lines of cclls at certain places pass into collections 
of oil globules, X 42. A. Small coloured cells from the inner part of the cortical portion. Some 
of these contain oil globules, and in the upper part to the left is one large one, eoiisisting entirely 
of large fat globules, r. Oval cells, also from the cortical portion, containing varying proportions 
<>f fat and gi-annlar colouring matter, x 215. d. Large vesicles filled with oil globnle.s forming a 
line. These appear to be inclosed in a membranous tube, — the lines in the lower jiart of the figure 
indicating the existence of such u structure; but the ai>pearanee is not conclusive, as the ad,jareiit 
ciipillaries, being cnijity and stretched, would give rise to the appearance rejnesented, x 1)>0. 
e. Inner portion of lines of cells, tiiul outer part of medulla, x ISO. f. Oval vesicle, from the part 
o]>]>(>sit(‘ to wliicli it is placed, magnified 215 Uiaiiicters. Cells from the innermost part of the 
cortex, containing very much yellow jiigmcnt, magnified 215 diameters. 

Fig. 177. — Vessels of a liealtliy sujirarcnal body injected with Frussinii blue fluid. At h the 
lines of cells appearing as if they were inclosed in tubes is represented — and above, tlie relation 
of the capillary vc^ssels to these is shown. At r, capillaries, and below k are seen collections 
of cells of various forms. The lines of tubes in this specimen were very much wider than those 
represented at e, tig. 176. The increased si/.c of the drawing is, however, principally due to the 
circumstance of tlie vessels being injected, x 180. The section from which e was taken had been 
a good deal stretched and compressed between the thin glass. 

been entertained with reference to the arrangement of the 
cells of the cortex ; — Simon think they lie in tubes j Kollikcr, 
on the other hand, considers that there is no membrane, but 
that the cells merely lie in spaces ; Eckcr and Frey think 
that they are grouped together in oblong vesicles, but that 
these do?not communicate with each other. It has not yet 
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been satisfactorily determined if tbe cells are inclosed in a 
complete tube of basement membrane^ or merely lie in elon- 
gated spaces imperfectly separated by bands of fibrous tissue. 
I incline to the latter view^ but am not able to express myself 
at all decidedly. The reader will find tbe views of different 
observers on this point given by Dr. Harley in his original 
papers on the Histology of the Suprarenal Capsulcs.^^ Again, 
as to the existence of a proper cell wall there is much 
difference of opinion. Some entertaining the idea that the 
eell-likc bodies found in the cortex are mere aggregations 
of oil globules and granular matter, while others think they 
are covered with a proper cell wall. The existence of a 
nucleus has been distinctly proved by the recent researches 
of my friend Dr. Harley, and the same observer thinks there 
is a cell membrane.* I have not been able to satisfy myself 
of the existence of this cell membrane, nor have I been able 
to prove that these cell-likc bodies lie in distinct tubes. Tlicy 
may be in parallel spaces with imperfect septa, formed partly 
by the capillary vessels and partly by a small (quantity of 
fibrous tissue. It seems to me that further observation is 
required to solve the question, but I think it probable that 
there are membranous tubes in which the cells lie. Usually 
the healthy organs are sufficiently firm to be cut with a knife, 
and very thin sections may be obtained with Valentines knife. 
After being gently washed, they may be placed in glycerine. 
Dr. Harley recommends previous hardening in chromic acid, 
but this is not necessary in all cases, as exceedingly thin 
sections can readily be obtained* without any previous harden- 
ing. The process of colouring by imbibition, as recommended 
by Dr. Harley, is a very valuable one, and may be employed 
with great advantage. The mode of effecting this is described 
in page 159. The arrangement of the capillaries is very 
easily made out in injected specimens. Tlicy arc exceedingly 
numerous, and arranged after the manner of those of the liver. 
The investigation of the minuiie anatomy of the suprarenal 
capsules is a subject of great interest and considerable im- 

* The Histolofry of the Suprarenal Capsules,” by George Harley, M.D., 
'‘Lancet,” June 5tVi and 12th, 1858. 
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portance, and one which is worthy of very attentive study. 
As yet, little is known of the functions of these bodies, and 
many points in their anatomy are involved in much obscurity. 

23 G. Examination of tlie Brain. — The brain should be 
subjected to examination as soon as possible after death. In 
examining the fresh brain, small portions may be removed on 
the end of a knife, placed upon the glass slide, and moistened 
with a little serum, or weak solution of sugar, but it must 
be admitted little can be learnt by such a mode of examina- 
tion, as the relation of the structures to each other is com- 
pletely destroyed. For examining the arrangement and 
distribution of the nerve fibres, portions of brain should be 
hardened in the chromic acid solution, when very thin 
sections can be obtained with a sharp razor. Dilute solu- 
tion of caustie soda is also exceedingly useful for render- 
ing the nerve tubes more distinct. The minute anatomy 
of the brain may be studied in man and in the higher 
animals. 

The examination of the dura mater and araehnoid is 
conducted according to the general plan already laid down. 
Very small pieces are removed, carefully torn up with needles, 
moistened with water, and covered with thin glass. The 
gritty substances (brain sand) in the pineal body, and those 
which arc not unfrequcntly met with in other parts of the 
brain, and the corpora amylacea^ may be separated from the 
brain substance by washing in a glass of w ater, in which 
they will sink to the bottom ; the supernatant fluid may then 
be poured off, and replaced by fresh water. After this 
process has been repeated a few times, the bodies in question 
will become quite clean. They may then be examined in 
water, tested with appropriate reagents, and preserved in 
aqueous fluid, or dried and mounted in Canada balsam. 

The vessels of the brain may be readily examined if the 
white or grey cerebral matter be first removed by washing a 
thin section with water. TIiq, addition of a little very dilute 
caustic soda renders the outline more distinct. 

The investigation of the anatomy of the central organs 
of the nervous system is by far the most difficult which the 
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student can undertake, and it is not easy to lay down prin- 
ciples for his guidance. Very much yet remains to he dis- 
covered with reference to the chemical solutions adapted to 
render the anatomical elemeifts of these tissues distinct. 


There can be no doubt that modes of investigation will at 
length be found out which will enable us to demonstrate 
satisfactorily the relation of the delicate structures w'hich 
make up the nervous system, to each other. The observations 
made in §§ 74, 90, should be referred to, and the student 
should try for himself a number of fluids of different comjjosi- 
tion. I cannot too strongly recommend the plan invented by 
Mr. Lockhart Clarke, which is given below, for carrying out 
inquiries of this nature. 

If a portion of white cerebral matter be treated with 
M'ater, the nerve fibres soon become changed in character, 
annarcntlv in conseauence of the nartial 


Small piece of cerebral 
mutter iiniuersed iu 
water, x 215. 


apparently in consequence of the partial *''k- i"**- 

separation of the oily from the albuminous °o\S.C 
constituents which are contained within the 
tubular sheath. The oily matter forms dis- 
tinct and separate globules, often of con- ^ 
siderable size, or it tends to collect in smuii pic™ of cercimii 
quantity in different parts of the fibre, watcr,%‘ 2 isr"'‘* “* 
which produces a beaded appearance. A similar change 
takes place in nerve fibres generally, if they are not examined 
very recently, or if they have been soaked for a short time 
in water. Fig. 178 represents some of these changes.* 

Z39. Examination of the Spinal Cord, — Different parts of 
the cord may be examined in the fresh state, but in order to 
demonstrate the beautiful structure described and figured in 
modern works, we must have recourse to certain methods 
of preparatiem. A soluilm of chromic acid is invaluable 
for investigating the structure of the cord. Segments of 
different parts are placed in the solution and allowed tc 
harden, when very thin sections may be readily obtained and 
examined. 


* Sue also Todd and Bowinaii^s " Physiology,” VoL fig, 252. 
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The method of preparation adopted by Mr. J. Lockhart 
Clarke, in his beautiful and highly important investigations 
on the structure of the spinal cord, was the following : — 

“ A i)erfectly fresh cord ifas hardened in spirits of wine, 
so that extremely tliin sections, in various directions, could 
be made by means of a very sharp knife. A section so made 
was j)laccd on a glass slide, and treated with a mixture 
composed of one part of acetic acid and three of spirits 
of wine, which not only makes the nerves and fibrous portion 
more distinct and conspicuous, but renders also the grey 
substance much more transparent. The section was then 
covered with thin glass, and viewed first by reflected light 
with low magnifying powers, and then by transmitted light 
with higher ones. 

‘^According to the second method, the section is first 
macerated for an hour or two in the mixture of acetic acid 
and spirit. It is then removed into pure spirit, and allowed 
to remain there for about the same spat:c of time. From the 
S2iirit it is transferred to oil of turpentine, w’hich expels ^the 
spirit in the form of opaque globules, and shortly (sometimes 
immediately) renders the section perfectly transparent. The 
preparation is then put uj) in Canada balsam, and covered 
with thin glass. By this means the nerve fibrils and vesicles 
become so beautifully distinct, that they may be clearly seen 
with the highest powers of the microscope. If the section 
be removed from the turpentine when it is only semi-trans- 
jiarent, we sometimes obtain a good view of the arrangement 
of the blood-vessels. This mode of i)reparation succeeds 
best in cold weather, for in summer, the cord, however fresh 
when immersed in the spirit, rempns more or less spongy, 
instead of becoming firm and dei&c in the course of five or 
six days. The spirit should be diluted with an equal quantity 
of water during the first day, after which it should be used 
pure. Certain modifications of this mode of preparation 
may be sometimes employeif with advantage by a practised 
hand.”* These processes are more or less applicable to the 
• " Philosophical Transactions,” 1851, Part II. 
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investigation of the brain and nervous ganglia generally. 
At the present time, Mr. Clarke is engaged on investigations 
into the structure of the medulla oblongata, mesoeephale, 
&c., ■which will shortly appear. 

All Mr. Clarke’s observations were, however, verified on 
perfectly fresh sections of the cord unchanged by the addition 
of any chemical reagent. 

238. On Ascertaining tlie Spcclflc Gravitv of tlie Brain. — 

As much attention has of late been paid to the density 
of the brain in various cases, and as these investigations are 
likely to lead to very important conclusions, I think it 
desirable to describe here the method of pursuing such 
eiupiiries. 

The researches of Dr. Bucknill, Dr. Sankey,* and others, 
have shown that the density of the brain varies considerably 
in different conditions. The specific gravitj'^ of the entire 
organ is in many cases aflected, but it is obviously of the 
first importance to ascertain the density of the diflerent por- 
tions separately. In this manner various parts may be proviul 
to have suffered in nutrition, although no structural changes 
can be detected, even with the mieroscoirc. The specific 
gravity of the entire brain in health is about 1039 ; in cases 
of paralysis it is much higher, but varies from 1036 to 1050. 

Fj’om very numerous observations Dr. Saukey has ascer- 
tained that the average specific gravity of the grey matter is 
1034 in both sexes, while the mean specific gravity of the 
white matter is 1041. 

Dr. Aitkcn f has ascertained the specific gravity of the 
central parts of the brain to be as follows : the central 
ganglia 1040 to 1047; the cerebrum from 1030 to 1048; 
the cerebellum from 1035 to 1049. In a case of chronic 
hemiplegia the specific gravity of the corpus striatum and 
optic thalamus on the right, or sound side, was 1025, while 
the same parts on the left or paralysed side were 1031. It 

* Dr. Bucknill, “ Lancet,” December 25, 1852. Dr. Sankey, “ British 
and Foreigfn Medico-Chirurgical Review,” January, 1853. 
t Dr. Aitken, ” Glasgow Medical Journal,” No. I., 1853. 
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is desirable that the specific gravity, of the diflferent parts 
of the brain in health should be ascertained by'an extended 
series of observations., as it is probable that very important 
results would be arrived at by comparing the numbers with 
those obtained in eases of disease. 

Method of ascertaining the Specific Gravity of the Brain. 
— ^The specific gravity is ascertained by placing little pieces 
of the brain, about the size of a small nut, in solutions, the 
density of which has been previously token. A number 
of saline solutions are prepared, varying in specific gravity 
from 1025 to 1055. 

Solutions of chloride of sodium were first employed, but 
Dr. Aitken recommends sulphate of magnesia. Glycerine 
would also answer the purpose well, but the expense of the 
solution would be too great. The same portion of fluid 
should not be used for more than one or two experiments. 

The salt is dissolved in a considerable quantity of water, 
and the density of the solution ascertained with an accu- 
rately graduated hydrometer, or with the specific gravity 
bottle. To a portion of this solution more water or salt is 
added, ns the case may be, and the specific gravity is again 
ascertained as before. Portions of this arc diluted until we 
have prepared a number of solutions, which may be preserved 
in separate bottles, each having the specific gravity of the 
solution it contains marked upon it. When an experiment 
is made, a little of each solution is poured into small glasses 
placed in regular order ; the piece of brain is to be placed 
in one, and if it rises to the surface it must be tried in the 
next lighter one above it ; but if it sinks to the bottom it 
must be removed with forceps and placed in a more dense 
solution. After a few trials, a solution will be found in 
which the morsel neither sinks to the bottom, nor swims 
on the surface. The weight of equal bulks of the brain and 
of the fluid is the same, and the specific gravity of the fluid 
used, which is known, indicates that of the brain, which is 
required. 

Important results are also to be obtained by ascertaining 
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the proportion of solid matter in different iiarts of the brain 
in various eases, and extended observations upon the propor- 
tion of fatty and saline matters would in all probability yield 
valuable results. 

The percentage of solid matter in different parts of a 
brain wliich may be concluded to be healthy, is shown in 
the following note.* 


^ The brain was obtainojl from tlic botfr of a man wlio was in good h(‘allh 

at the time, and wjis killed 

by falling from the top of a liouse. 

He died about 

eight Ijonrs jifter the fidl. 




White nuittt*r of cerebellum- 

— 

Gray matt<T cerebellum 

— 

Water 

07-27 

Water 

70-01 

Solid matter 

92*73 

Solid matter 

20-<M{ 

WhiU‘ matter of hemispheres — | 



Wati'r 

G9-45 ! 

Corpus strintiim — 


Solid matter 

.... 30-55 

Water 

70 00 

Medulla oblongatsi — 


Solid matter 

29*01. 

Water 

73-75 



Solid matter 

26*25 

- Gray nuitter of eouvolutious — 

< )i>tic thahimus — 

» 

1 Wat<*r 

80*58 

Water 

.... 71-00 

I Solid matter 

19*12 

Solid matter 

25* K) i 

! 



The ejises show Iiovv the proportion of water and solid matter may 

vary in diseasi*. 

1. Ilrniii of a child aj^ed six weeks, (knise <»f death unknown. Uody g^ene- 
ndly well nourished; viscera all healthy; hrain very soft, though examined 
within eight hours after death — of a waxy appearance. 

Water 89*00 

Solid matter 30*40 

2. llrain of a girl jet, nineteen. Who di<*d of diabetes. The brain was very 
firm, and no morbid ajipearances were observed. The white and grey inatt«*r 
i'uiitained 

Water 7 1'85 

Solid matter 25*15 

3. Brain of a worajin aged forty, who difnl of apoplexy, Wliitc matter of 
cerebrum apparently lu‘ulthy. 

Water 71 ‘4 

Solid matter 28*6 

4. Softened cerebral matter surrounding the clot. 

Water 81*49 

Solid matter 18*51 

5. Brain of a girl ageil about twelve, who died from induration of a |X)rtion 
of white matter of the anterior lobe of the left hemisphere, about tlu; size of a 
walnut. 

Indurated portion— 


Water 75*24 

Solid matter 24*76 
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OUOANS OF ItKNEHATION. DeVEEOVMENT. 

The microscopical <*xari)ination of the generative organs 
presents no groat difliculties, but tliere are a ft*w points 
conne(;tC(l with tlie demonstration of the anatomical eha- 
ract(*rs of sonu* of thes(? which it iniiy be desirable to allude 
to briefly. 

Frninie OricanM «f fiiriirratioii. — The ovary from its 
firm, fibrous t(‘xtur(', is cut with some difficulty, and when 
very thin s('ctions are re(juired, it is beitter to inject the 
vessels in the first instaiu'c witli plain size, or size (*oloured 
with transparent injection, in order to give it a consistc'nei* 
mor<^ favourable for cutting with a knife. The (Iraafian 
v<!sicles are very readily s(hui, and their different tissues may 
b(' deunonstrated by ri'rnoving small portions witli a jmir 
of scissars. The ovary of the bitch or ral)bit is more favour- 
able for demonstrating tlie different anatomical points than 
the human ovary. In order to ^‘xamine tlu‘ distribution 
of the vt'ssels, it is only necessary to inje(*t tlu* arteri(‘s with 
the earmiiKi or Prussian him* fluid. Thc'se organs are highly 
vascular, uud the distribution of the capillaries to the walls 
of the (Iraafian follicles is very beautiful. 

The FaHopuui tube may be examined in thesanu' sjieeimen 
as th(» ovaries, where the vessels have been injcM ted. Th(‘ 
epithelium lining the Fal!o])ian tubes is tH>liimnar and cili- 
ated. Its characters are c'asily madi^ out by i^xamining some 
of the mucus scraped from tlie lining nu'mbraiu' of a tube 
which has bc'cn slit up. The arrangenu'iit of tlu‘ vessels 

Vk I'tTfliral uiattrr from tho oi>jM>sit4‘ »iuU‘, iind from tlif sanii- sidt* kh 

that hi u hu'h thi' indiinitoil jMiition was HhuuttHl. 

WattT 80*29 

S<»Ud muttor 19*71 

7. Undu hi whirh thorr was an induniUHl in the anterior jmrt of 

one la'inispliere. 

lndurat<Hl |K>rlion. sp. gr. 1042 — 

Water 81*59 

Solid inatfvr 18-41 

8. Ant4'ri<»r jHirtion 4>f o]>]H)site Sieiiiisjiliere, whieh w'as h«dthy. Sjieeific 
gravity, 1044. 

Water 70*20 

Solid matter 29*71. — “Archives of 

MiHlioine/’ No. Il.» jwigt' 155. 
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of the tube is very beautiful, aiul thin sections, throuj^h the 
clirterent coats sliould be obtained with Valentines knife, ami 
portions of mu(*ous inenibrane should be carefully dissected 
off from the muscular coat, in order tliat the arranjj:cinent 
of the vessels upon tlie surface may be examined. 

Uterus , — The examination of the uterus should Ih' con- 
ducted ill the same way. The mucous membrane of an 
impregnated uterus, Mhich eonstitut(‘s in fact the memhraua 
decidua^ is very liighly vascular, and the numerous glands 
Mhich it contains are blotter displayed in injected tlian in 
uninjected jireparations. I have made beautiful prejmrations 
of th(‘se ^lamls without difliculty in the unimprcjjjnated 
iiti rus of many of the lowt'r animals as the bitch, cat, 
and some otlu'rs. For all these inji'ctions 1 recomimuid 
strorij^ly the l^russian blue fluid, and glycerine as the im^dium 
far prt'ser^'ing them in. 

The mode of (Umionstrating the charaetiT of the muscular 
fibre-cidls of the uterus has been already adverted to. 
charactiT of thes(' is very different in the unimpre^gnated 
organ and at various periods of pregnancy. 

The nu'thod of investigating some of the morlud con- 
ditions of the generative organs, will be discussed undcT tludr 
propiT heafls U)varian dropsy, fibrous tumors of tin' uterus, 
warts, canci'rous tumors). 

24€». Male OricaiiM «f €<iriirratloii. — The anatomy of th<* 
testis is v<‘ry readily invc'stigated. A jxirtion of one of thci 
seminal tubules is easily drawn out with the aid of forc(‘ps 
and examined in fluid. The pre.ssure of the thin glass must 
1 k^ very carefully avoided. A little solution of caustic soda 
renders the cells in the interior more distinct. In man, 
sjiermatozoa are never found in the seminal tubules, as tludr 
development is not eom|)lete until the cells in wJiicdi they 
are formed liave arrived at the epididypiis. Tlie stnu'ture 
of the testicle is more easily made ont in the lower animals. 
Some specimens in M'hicli the ^vessels have b(*en injected 
should also be submitted to exaniiuation. The testicles 
of rodent animals afford very demonstrative specimens. 

R 2 
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The Vas deferens is so liard tliat tliin transverse and longi- 
tudinal sections an* (jasily cut with a sharp knife. The fibres 
of organic musctle in tlie coats of tlu* tube are demonstrated 
l)y tlie a])plieation of a little caustic soda. The characters 
of speirrnatozoa are des(*rih(‘d in the (‘hapter on l>ine.^^ 
Th(‘ arrangcMinuit of tin* vess(*ls of the jtenis sliould lx* 
stndiiMl in specimens in whicli tin* art(*ries have been fill(*(l 
with transpanuit injection and the v(‘ins with plain si/A% in 
th(* rnfinn(‘r already advertcxl to in page 205). Tin* mode 
of examining the mucous nKunlmim* of the urethra is tin* 
same as recommemh'd in tlu* examination of other mucous 
nu’mbrancs. 

211. Invest I lent Ion of tlie KtrtietiireM eonneetecl with the 
Kitiliryo anil the llevclopitient of Orauns. — Thi‘ highly vascular 
phteenta should be studi(*d in organs in which the vesse ls 
have b(‘(*n injectexl with size and glycerine, wry faintly 
eolounxl with Prussian blue solution. 4die e(*IIs of the* tufts 
are* easily tnadc out in piec(*s r(‘inov(*d from n healthy placenta, 
'^riu* adelition of a little acetic* acid or solution of soda, rend(*rs 
the* specimen more? trans])arent.* 

^’’he subject of d(*veIopmcnt is a difli(*ult one for the* 
Hiudent, and should only be undertake*!! by those who have 
much time* at the*ir disposal. Advantage w ill be* eh'rived from 
the use e)f thuds feu* hareleu!ii!g tissues ]>re*viously alluele*el to, 
auel glyee*rine will be founei to re*nele*r se)me* strue*tur(*s \(*ry 
elistine’t, while on the e)ther hand, some tissues are* not to be 
elisti!!guishcel at all whe'ii iinn!erseel in this nu‘diun!. T\\v 
re*aeh'r i.s referrexl to the ren!arks e)i! rc'ueie ring soft tissue's 
haril anel transparent, § 5)0. 

Ursiil*'** fliost' au'iitioiusl in tlio tlie following works may 1 h* referre^l 

T»» n|Min the Hulijei’ts of in tlie j>res<*nt elmpler: - “ IMiysiolngit'al Anatomy 

iinil lMi\>iiol»»gy of Man,*’ 'iVnld ami nowman ; “ Kiilliker’s llamibneli «ler 
(iewt'lx'Ielin* ties Meiisc'lien,*’ fransiatiHl for tlu* Sydi'iiliam S»M*ie(y. hy Unsk am! 
Huvley ; Strausdnrklieim# op. eit.; Dujimlin, “ (Xtservateur an Mieni«eoj>*',*' 
Paris, ISU); <juuin*« ** Anatomy,** by Dr. Sliar|H*y ami Mr. Kllis ; “ Dt'serip- 
livo ami Surgieal Anatomy/* by Mr. Henry Oray, ami the text lKK»ks of minute 
anatomy aiul j»liysi(>logy, * 

• For n ileHiTiption of tin* anatomy i>f the plaeoiita, see Dr. Arthur Farre’s 

Hftieje in the ** (\veb>jiaHlin of Anatomy ami Physiobigy.'* 
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CriAPTKR ML 

Orifutts of S/nu }((l Sense.— Kkiu and its Appendat^es. — Cntiete, 
- -Pipinent (\dls. — Papillep, — Of ma kin tf a W rfiral Srrfion 
ff Skin. — Sehareons O lands. — Streat (Hands, — Hairs . — 
MoHnsrntn . — JPffrts, Oorns, — E.eaittination of the 
Ponpne . — Pratnination of the Ao.^e. — K,t a/nination of the 
Pf/e . — Of tnakintf Sections of the (U^rnea and Sclerotic , — 
Ohoroid and Oitianj Processes. — E.va mi nation of the 
Orystalline Lens. 

Examination of Skin ash ns Ajten oagj.s. 

242 . — 'Fill* may b(' sul>j(‘rttMl to exainiii:i- 

tioii citlu r by sfraiiinj^: the surface, in wliic^h ease only the 
most suju rfieial eells, which oIUmi not well defined, will 
i)e ohlained ; or hy making a thin sc(‘tion of dricil entieie 
uith a sharp knife. If a ])ortiou of skin he allowed to 
remain for some days in a moist atmosphere, it w ill Ijc^ found 
that lar^e flakes of cuticle can he readily detached, small 
frajrmcnls of which may Ik; moistened witli water in the 
usual w ay, and suhjceUal to examination. 

The epithelium will he found to vary in character accord- 
ing as it is takmi from the deep or the most supt?rfi(!ial layers 
of eutielt?. In I lie hjrnier situation tin; epidcTmic cells an; 
more or less rounded in form, w hile on tin; siirfa<*e they arc 
flattened and adhere to each otlicr, forming: small scales, in 
whieh the original form of the cell is w ith difliculty made 
out. The deepest layer of the cuticle apjicars to <‘oiisist 
chiefly of miiiute granules, with a few* small cvWs. It is here 
that the colouring matter is deposited in the dark races, and 
it was to this portion of the cuticle that tlie term reie 



246 THE MICROSCOVE IN CLINICAL INVESTIGATION. 


mucosum was applied. Ah tlic c(dls approach the surface, the 
colouring matter appears to diminish in quantity, owing 
probably to changes taking place in the chemical nature of 
the material. The cells composing tlie deeper layers of the 
cnti(‘le are soluble in aceti<‘ acid, while those on the surface 
are unafiect(‘d l)y this reagent. 

Upon (examining the under surfaei^ of the cuticle, which 
has lieen removi d as above directed, it will be found to 
present several depressions, in which thck tactile papilheof the 
<Mitis ai’e lodged ; and ujhui removing the cuticle by macera- 
tion, from sonu; situations, such as the palm of the hand, or 
heel, or from the anterior surface of the leg, the ej)ithelial 
lining of the sw'cat ducts as they pass through the cutis, will 
often ])c- found adhering firmly to it. Preparations of this 
kind rnaj^ be preserved in glycerine, to which a very little 
acetic acid has been added. 

*43. piHrnient — The cells containing pigment are 

very readily demonstrated in the skin of the negro, in that 
ol‘ siueral of the lower animals, or in the fri^cklcs which may 
oft(‘n 1)0 obtained from different jiarts of tlu' body of some 
subjects. 

A prejiaratiou of th(‘ cuticle of the negro may be pre- 
served in ("anada balsam. The cuticle may be separated us 
aliovi' described, dric'd flat betwc*en folds of clean paper, or 
between two plates of glass, and mounted in tlu' usual way. 
The inetliod of preparing a vertical section of the cuticle is 
deseribc'd in § 2 15. 

The walls of the vessels of the peritoneum, lungs, ike,, 
and the skin, of the frog, contain beautiful varieties of very 
dark pigment cells, which consist of several branchc's of irre- 
gular form radiating from the central part of the cell. 

*44. papilla^. — The jmpilhe may be shown in two ways, 
either by making a vertical section of the skin previous to 
the removal of the cuticle ; or the latter mav be taken oft* in 
the manner described in § 242, and a section of the true skin 
only made. 

The best situations from which to take the skin for the 
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purpose of cxaniining the papillar, are the painmr surface 
of the hand and fingers, and the sole of the foot. After the 
cuticle has been removed, a transverse section of the skin 
witli tlic papilhe may he made as follows : a gentle stream 
of M at(!r is to be allowed to flow over the papilhe, in order to 
make them all fall in one direction, wliich is readil^^ efleeted 
by inclining the j>iecc of skin downwards while the nater is 
running. After being drained, a cut is made with a very 
sharp knife across the piece of skin in its upper part, in a 
direction at right angles to that wJii(*li tlic papilhe Inivi' been 
caused to assume. Upon now turning the preparation so 
tliat tlie freshly-cut surface is in tin* most dependent position, 
and allowing the jet of water to flow, the direction of the 
papilhe will be nwersed, and it is obvious that a very thin 
section off the freshly-cut surface Mill contain one or more 
roMs of e)itire papilhe. The s(*ction may tlnui be examined, 
and may be })reserv(‘d in liquid ; or it may be placard upon a 
glass slide, gently dri(‘d, and mounted in Canada balsam. 
The ])apillie of th(‘ skin of the foot of the dog are large and 
Mcll-marked. 

In ordiT to examine the structure of the pa|)il];e, a 
toU'rably fn^sh specimen of skin should be elnxmm, and a« 
thin a section as ])ossible should bi‘ made. The specimen 
may now be trcatial witli ueuk caustic soda, or u ith a litth^ 
act‘tie acid, and subjected to examination. It is in this way 
that the nerves may occasionally be demonstrated in tlu! 
paj)ilhe, and frecpiently the vascular loop may bi^ thus ren- 
dered distinct ; but the arrangement of the vc8.sels h alw ays 
better shown in a specimen injected wit4i an opaque inji*ction. 

The '^axis-corpuscles,^' or touch-bodies may be shown in 
the paj)illae situated at the tips of the fingers, or in the ])nlni 
of ilw hand, by treating the specimen with acetic acid. A 
papilla may be met with in this situation terminating in two 
or three points. One of these will perhaps contain a touch- 
corpuscle, w hile in the others ^ only a vascular loop can be 
seen, and no nerve fibre whatever can be distinguislied. I 
have obtained beautiful specimens from si'ctions of the skin 
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of the finfjcr of a monkey which had been soaking for some 
time in glycerine. For detailed information on the subject 
of thc! axift-corpuseles, I must refer to Kolliker^s ^^Gewebo- 
lelire/^ translated for tlje Sydenham Society, and to Sharpey 
and Fllis's Anatomy.^^ 

24S. Mrfhttd of inakiniir a Vertiral flierttoii of Mklii. — In a 

section of this kind all the structures entering into the for- 
mation of skin can be seen, and the arrangement of the 
hair-bull)s and sebaceous follicles may also be demonstrated 
if th(‘ skin be taken from a part in which tliesc structures 
abound. The disposition of the sweat ducts and the arrange- 
ment of the glands may be well shown in such a preparation. 
It is exceedingly difficult to cut a section of skin in tin* 
rv.cvui state sufficiently thin for observation ; hence, a modi- 
fication of the method usually emjdoycd must be resorted to. 

llie skin should be j)erfcctly fresh, and a piece about two 
inches scpiare, or rathcT less, is to be stretclied, with tlic 
outer surfa(*e <low'nwards, ujuni a thick deal board, by means 
of num<*rous pins. If the sudoriferous glands arc to be 
included in the preparation, care must be taken to leave 
sufliciimt of the subcutaneous areolar tissue. llie piece? 
of skin is allowed to dry by exposure to the air. Several 
small pieces, taken from various j)arts of the body, may be 
])inncd out on the same board, care being taken to attach a 
label to each. Specimens may be taki n from the scalp, eye- 
lids, chin, mamma, axilla, arm or leg, palm of the hand, ti}>s 
of the lingers, scrotum, and sole of the foot. AVitli these*, 
the varying thickness of the epidermis and true skin, and 
otlurr pecudiarities in* the different regions may be deinon- 
stratc'd. The portion of‘ skin, being quite dry, is to be 
removed from the board, and, after cutting oft' the edge, 
several thin sections may be made, by the aid of a very sharp 
knife, through its whole thickness. In order to obtain a 
good sp(*cimen of tlu* spiral portion of the sweat ducts, the 
skin of the heed should be selected, and the section should he 
made parallel with the furrow's, and in a slightly slanting 
direction, instead of at a right angle with the surface. 
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The sections may next be placed in a watch-f^lass with 
a few drops of clean water; and in the course of a short 
time it will be found that they have again attained their 
original thickness, in consequence of the absorjition of 
water. They may now be submitted to cxamiuatioii, and 
after selecting a satisfactory specimen, it may be mounted in 
weak spirit and water, glycerine, or other preservative fluid; 
or the speciinen may be waslied in water, plaei'd upon a slid(\ 
and allowed to dry slowly by spontaneous evaporation (wlu'u 
it will be found to have adhered tightly to the glass), and 
inonntiHl in Canada balsam with the usual jireeautions. 

If the section appear opa(pie when examined in aqueous 
fluids, it may lie treated with a little weak potasli or caustic 
soda, and (‘arefully washed again before being mountial. If 
the skin contains very niiudi fat, this may be removed by 
soaking the section for a sliort tim(‘ in ether j>revious to 
moistening it with water. In this uay a most b(*autiful 
si^etiou, sliowing all the structures, including tin* sweat duets, 
may b(' souj(‘tini(‘s procured. Good sections may often be 
l)reserved very uell in a solution of chloride of calcium. 
Garbonat(* of jxitash has been employed for rendi‘ring the 
section transparent. 44ie skin may be imuHTated in dilutee 
nitric acid (^one of acid to two of water) for twenty-four 
hours, wlun the sweat glands are easily disti)»guishcd upon 
making a section (Giraldes, quoted hy Kblliker). 

240. Nciiaceous uiatids. — The* sebaceous glands arc very 
(*asily demonstrated. Their arrangement is made out ve ry 
distinctly in vcrtie*al sections of the* skin of tlie se'al]) of the* 
feetus. I o!>taim*d some ve'ry be*autifiil specimens from skin 
wliieli had bi.*en hardi neMl for some* time in acetic acrid. The* 
hairs and hair bulbs are also eifteu well shown in the* same* 
siieeimen. 

24*3. Sweat €;iancis. — The swe*at glamls arer also demon- 
strated most readily in the skin of the feetu.s. The gland 
itse*lf may be easily dissected ^eiut from the subentumrous 
areolar tissue of the axilla, in which locality the glands arc 
of large size*. Thery may be preserved in glyererinc. The 
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course of the ducts through the cuticle should be noticed, 
especially in the cuticle of the heel, where they pursue a 
spiral courstr. If the skin be removed from the heel and 
allowed to dry, sections can often bo obtained in which the 
connection between the spiral portion of the duet in the 
cutich; and that part which passes through the true skin, may 
be (Umionstratcd. These sections require moistening with 
water, and they may be mounted in a solution of chloride; 
of calcium, or naiihtha and creosote fluid. (Jlycerine renders 
them too transparent. 

S4H. iiairn. — Tlic structure and mode of growth of hair 
may be well observed in sections of the skin of the foetus. 
The mode of obtaining transverse and longitudinal sections 
of hair has been described in ” How to Work with the 
Micros<;op(!.” The moist structures surrounding the bulb 
of the hair (root sheaths) when drawn from its follicles, are 
well seen in sjH'cimens which have lH;en soaked in glyc(;rinc, 
and the cells in the medulla of hair are also best disjdayed 
in the same manner. The fibrous struct m^c of the hair 
is sometimes well seen at the ends where the fibres are 
separated from each other, and not uufrequcntly, in hairs 
which have been twisted for some time into knots, the hard 
elongated fibres of which they arc composed have bceome 
unrav(;lled as it w'ere, and the manner in which these are 
combined so as to form the shaft of the hair is w ell dis- 
Ijlayed. A drawing of a diseased hair which is much split 
up, is *i*presentcd in eha])ter xi. 

S4U. Moiiuiicuiii. — Some time since, through the kindness 
of ^1r. liow inan, 1 had an exeollent opportunity of exanuning 
the tumours from a case of luolluscum in every stage of 
growth, and I was led to the conclusion that these tumours 
are really composed of altered structures connected with the 
hair bulb, and were not dejicndent upon a morbid state 
of the sebaceous glands as was previously supposed. The 
conclusions 1 arrived at werq as follows : 

1 . That neither the sebaceous glands nor the sweat glands, 
nor their ducts, were concerned in the formation of the tnmour.s. 
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2. That the tumour consisted essentially of a morbid 
alteration of tlic structures concerned in the formation of the 
hair, especially of the cells at the deepest part of the folliido, 
and of the follicle itself. 

3. That the subcutaneous areolar tissue was considerably 
hypertrophied; both its white and yellow elements beinj; 
coarser and more abundant than in health.* 

Many tumours connected with the skin depend upon an 
altered growth of the hair. I have seen hairs coiled up in 
th(' centre of small fi})rous tumours beneath the skin. The 
follicle seems to liave been closed at itsu^uinmit, and the 
egress of the hair being prevented, it gradually becomes 
twisted up in eonscMjuenee of its growth still eontinuing from 
the root. The areolar tissue and other structures in the 
neighbourhood become gradually involved in the alteration, 
and the tumour as it increases in size becomes of more c;om- 
jilicated structure, so that its real nature is not very easily 
made out. 

2SO. Warts, Corns, and other grow^ths, which eoiusist of 
thickened (‘pidermis, may be subjcetc'd to (‘xaniinatiou, and 
sections obtaim‘d in the same way as dircjctcd for making 
sections of skin. 

In disease the subcutaneous areolar tissue is sometimes 
found thickened over a considerable extent, or over small eir- 
cumscribed sj)aees; in which latter cas(‘ tluj sensation of small 
subcutaneous tumours is produced if the atleeU^d portions of 
skin be pinched up between the huger and thuml). The 
condition termed Elephantiasis appears to consist of a 
thiek(uiing and hypertrophy of the subcutuiieoiis areolar 
tissue, and the j)ouring out of lymph into the an*(jl;e or 
int('rspac{‘s, which subse(|uently becomes organised and a 
j)art of the tissue. Sections of skin in this state may be 
made after being hardened in alcohol or in a solution of 
chromic acid. 

• The results of exntnitiatioii of the? furrirjur?*, with dniwin^ f»r th<* luiero- 
seopieal a|»jH’unnKi^s, will In* ffuiml in th«* nixth voIiiiim* nf tin* Tmiihaetiou^, 

of* the Patholojrieiil S<H;iety of ljuiidon,*' aUI, 1855. 
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Examination of thk Ton oik. 

Tfinfipur. — The principal points of interest to be dc- 
nionstrated in tlie tongue, are the papillie and tlie arrangement 
of the muscular fibres. Different nietliods of preparation 
are mnployed aireording to the ehara(rtcr of the tongue to be 
(‘XuiniiH^d. The papilhe of th(^ tongue of the frog and other 
animals in whieli tin; mucous membrane is soft and moist, 
may be snijiped off with a pair of seissars, and (examined in 
glycc^rine fir other solution. Tlie epithelium of tlie tongue 
is n*adily dinnopi^trated. Tlie vessels of the jiapilhc of the 
frog\s tongue are seen more distinctly if the specimen be 
tr(‘at(‘d with a little dilute acetic acid, but it is better to 
(vxamine their arrangement in an animal whoso vessels have 
biHUi injected w ith the Prussian blue solution. The distri- 
bution of the (‘ajiillaries to the palate, tongue, and all the 
parts about the mouth of the frog and other batraehia is very 
beautiful. It is not diflicult to trace luu've ^fibres into the 
papilhe of this class of animals, and their distinetni'ss is 
much increased liy treating the specimen with caustic soda, 
but no one has (*ver vet suefa^eded iii demonstrating eon- 
clusively how these nervi's terminate. Their tinest branches 
may certainly be followed to a point v(*ry near the summit. 
It is proliable that the patient investigation of this subject, 
and the employment of dilVerimt solutions for the jiurpose 
of r<md(‘ring tin* U^xtures hard and transparent, whieli should 
be injected into the vessids (page 72 b wunld lead to im- 
portant results. Tlu' tongiK' of the mouse and otli(‘r small 
mammalian animals, will aflbrd ehairer ami more beautiful 
spei imens than those of man and the larger aniniaJs. 

In order to demonstrate the general arrangenumt of the 
papilhe and the struetures beneath, in the tongue of man 
and mamnnilian animals, it is better to boil the organ in 
onhn* to harden it. Kx(‘eedingly thin sections may then be 
obtained very easily with a sharp razor. These sections 
should be made in diflerent directions, and if tlie instrument 
be made to eut parallel to the filiform papilhe, even tliin 
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sections of tljose structures may sometimes be obtained. 
Tliey must afterwards be rendered transparent by tbe addi- 
tion of a drop of dilute caustic soda or acetic acid. In siudi 
a section the muscular fibres can often be traeetl (juite to the 
sub-mucous tissue, wliere their tendons become continuous 
with the white fibrous clemenf. The form of tliese inuseh's, 
and their mode of interlacement havi* been well described 
in Dr. Salter’s article Toiifcue/^ in the Cvelop;edia of 
Anatomy and Physiolof^y.” The n'adcT is rederred to this 
article, to a pa[)er l)y Mr. Za;j::las on the muscular striu‘tun‘ 
of th(' tongue of man and certain of the mammalia, in 
(ioodsir’s ‘^Annals of Anatomy and Physiology,” and to 
Todd and llowman’s “ Physiology,’’ for a dt'serijjtion of the 
anatomy of the tongiu*. 

252. Nose. — Miu*h v(*t remains to be discovined of tin* 

% 

minute anatomy of tin! mucous nuunbrane of tin' nose. It 
rapidly uiuh'rgoes j)ost mortem (diangc, and it is, tlu'refon% 
nc'cessary to examim* it as soon aft(*r death as possibh*. TUv 
npp<‘r brown portion, lu'ar tin? tthmend bone, should b(* 
( specially (‘\amined. The student should olitain spccinums 
from the sheep, as th(*y can always be obtaiiuMl piufeetly 
fri'sh. Thv liead may be sawn through longitudinally, a 
little on oiu‘ side* of the centre, and tlie (h*li(*at<’ mucous 
imunbiane carefully removed from tin* lamina* of hone uhi<*h 
it covers. With tin* aid of a v(!ry sharp knife, or seissars, 
thin pieces may be ol)tained fit for examination, (’an* must 
be tak(*n to iwevcnt the juvssure of tlie thin glass. Tin* 
('pitbelium of the sinuses and lower part of the nose is 
et)lumnar and ciliated ; tliat near the (orifice is scaly, and 
ap])roaehes in character tc; tliat of skin ; while in tin; olfartonj 
Ti tjion it is not ciliated, hut consists of a thick lay«*r of small 
grannlar cells.* Tlie nerves are destitute of tin; white suh- 
stance of Schwann, and take the form of dedicate fiatte neil 
bands, with oval nuclei scattered at tolcTably ccjual inU rvals 
along the trunks. The termiiyition of tlx* nerv(*s has not 


• T<kM aiw) “ Pliysiolf4jy»” Vol. ii.. 
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l)ecn asccrtuiucd, altliouf^li there can he no doubt that delicate 
filaments rc‘ach np to the epithelial cells. Between the 
latter, dedicate nerve filaments may l)c discovered, and, 
according; to the n^cent observations of Eckhard and Ecker, 
may b(! traced (juite to the free surface of the epithelium. 
In some instance's, tlie nerve lilameiits seem to terminate in 
the epitlielial Cecils. The mucious membrane is hij^hly vas- 
cular, and the eajiillarics form many dilated loops w hich were 
first notic'cd by IVofcssor Quekc4t. The structure of the 
cells in the' olfactory region of the nose is worthy of very 
c'arcfnl invevstigation. 

2&a. Kar. — The investigation of the minute anatomy of 
the ear is exceedingly diflicult. The nervous structure is so 
delicate', that it uiuh'rgoes vc^ry rapid changes after death. 
In inv(‘stigations upon any special point, in the anatomy, it 
is better to cixaminc the ears of animals, and afterwards 
(compare the results with those obtained from researches on 
tin* Imman ear. Mr, Toynbee gives the following directions 
for rmnoving llu* internal ear from the human subject. These 
will !)(' found useful to the student of this ])ranch of morbid 
auatcuny. 

“ The simplest method of removing ears for the sake 
of dissection is, in the first place, to saw off the calvarium in 
the usual way, and then to take out both the petrous bones 
logc'ther, by means of two transverse vertical sections, one 
in front of each pc’trous bone, and the other ])ostcrior to it. 
4'he anterior of these sections should pass in a line a little 
anterior to tlu^ anterior elinoid processes, and the posterior 
in a line through the posterior third of each mastoid process. 
By means of these tw o sections, tlie trumpet-shaped ('xtremity 
of each Eustachian tube, a portion of the mucous membrane 
of the fauct's, and the w hole of each petrous bone, together 
with the mastoid jirocess, can be taken out. The disadvantage 
of this jirocedurc is the disfigurement which is apt to ensue 
from the falling in of the fare. To avoid this disadvantage, 
another mode of removing the ears may be resorted to : this 
consists in taking out each petrous bone separately in the 
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following manner : — The calvarium having been saun oflT, an 
anterior section is to be made on each side on the same line 
as in the above plan, but extending only as far as the, outer 
part of the body of the spheroid bone ; a posterior section 
on each side is then to be made, as in the first plan, but not 
extending further iinvards than the basilar process of the 
occipital bone. These two sections are to be made with a 
saw, or uith a chisel and hammer ; the a]>ex of each petrous 
bone is then to be separated from the sjihenoid and occipital 
bones, and each jietrous bone, the outer ear and integument 
being detaclied and refleeted downwards, is to be drawn out- 
wards, taking care, by inserting the scalpel decplj', to remove 
a.s mueh of the soft jiarts as possible. With this s(‘cond 
plan there is a dilHeulty in removing the whole t»f the 
guttural jiGrtion of the Eustachian tube. : with care, however, 
this portion may be removed, especially if the final sections 
sejiarating the petrous bone from the occipital and sphenoid, 
be made to pass obliquely from above, downwards and 
inwards. The organ of hearing having bcim removed, the 
diss(‘ction may be eonducted in the following manner: — 'fhe 
auditor}' nerve in the meatus .should be first carefully 
examined, premising that a previous inspection has been 
made of the jiortiou of the brain to which thi: portio moUix 
Jind portio dura nerves are attached. The size of the external 
meatus having been ascertained by allowing a strong light to 
fall into it, its anterior wall is to be removed by the cutting 
forceps, made by Messrs. Ash, of Broad Street, (Joldcn 
Sijuarc; the state of the epidermis, the ceruminous glands 
and .Hccrction, the dermis, the periosteum, and bone, arc to 
be noticed. The outer surface of the membrana tyrapani is 
then to be examined ; also the state of its epidermoid and 
dermoid lamina?, its degree of tension, and the amount of 
motion possessed by the malleus when prc.s8ed upon by a 
fine point. The next step is to ascertain the eondition of the 
guttural portion of the Eustachian tube, to lay open the 
cartilaginous tube with the scissars, and then exjiosc the 
cavity of the osseous portion by means of the cutting forceps. 
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In doing the tensor tyrnpani muscle is exposed ; its 

structure should be examined, and, if it has not a healthy 
appearance, portions of it should ho submitted to microscopic 
inspection. The uj)per wall of tlic tympanum is next to be 
cut away by means of tlic cutting forceps ; iu doing this, 
great can* must he taken not to disturb or disconnect the 
inalleus and incus, wliirdi lie immediately beneath it. After 
the tympanic cavity has been exposed, the first step is to 
draw th(i tensor tyrnpani muscle, and to ascertain hoAV far it 
cause's a movernvut of the membrana tyrnpani and ossiedes. 
TIk^ incus and stapes are now' to be touehed with a fine ])oint, 
so as to ascertain their degree of mobility; the tendon of the 
staj)edius muscle is also to be pressed upon. Tlie condition 
of* the mucous memlmine of the tympanum, and of tlic 
mastoid cells, is then to be ascertained, and au)’^ peculiarity 
of the cavity, the ('xistence of bands of adhesion, &c., to be 
not(*d. T]\c most delicate part of the dissection, liz., tliat 
of the int(‘rnal car, must now’ be undertaken. The cavities 
of th<* vestibule and cochl(*a, are to be exposed by removing 
a small portion of th<‘ upjxM’ wall of each. Before reaching 
the vi'stibule, the superior semicircular canal will be cut 
through and rcunoved ; the membranous canal sliould be 
drawn out and inspected. As the cavities of the vestibule 
and co(ddea are laid bare, it is desirable to sec that the 
(|uautity of perilymjih is natural, as well as its colour and 
consistence'. Tluumti'r surface of the membranous labyrinth 
having Ixu'ii observ('d, it should be opened so as to expose 
the ('udolymph and otoconia, portions of all which parts 
should be removed for microscopic inspection. Tliis having 
been efiected, the remaining membranous semicircular canals 
are to be exposed, and the connection of the base of the 
stapes to the fenestra ovalis carefully examined. The last 
stage of the dissection consists in removing parts of the 
lamina spiralis, in examining them microscopically, and in 
exposing from within, by following the course of the scala 
tyrnpani, the membrane of the fenestra rotunda. The only 
organ whicli now' remains nnexarnined, is the stapedius 
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muscle ; in order to expose it, the course of the aquieduetiis 
Fallopii, beginning at the stylo-mastoid foramen, should be 
followed until the base of the pyramidal eminence, contain- 
ing the muscle, is reached/^* 

254. i3yc. — The microscopical examination of nianv of 
the tissues of the eye is a matter of great difficulty; and 
although it is impossible to describe at length the various 
plans adopted for demonstrating the anatomy of these dif- * 
ferent texture's, it is nevertheless desirable to indicate a few 
of* the operations wliich arc employed in the investigation. 
The student should practise observations on the anatomy of 
the (*yt' as inueli as possible ; for if he is in the habit of 
investigating thc'se structures he will l)e able to undertake 
any branch of microscopical inquiry with a fair prospei^t of 
succejis. The eye should be injected tlirough a branch of 
the ophthalmic artery with thc^^’russian blue solution and in 
the course of a few minutes very piudect injection of the 
dirtcrent tunics mav be obtained. The eves of oxen, from 
their large size, are most eonvenic'nt for tliis purpose, and a 
pipe may be insertcal easily into one of the smalh'st vessels 
divided in the n'lnoval of the eye. The human ('vc is not 
easily injected after its removal from the head in conse- 
quence of the small size of the vessels. After an injected 
eye has bt'cn allowed to stand for some time, the diffiu'ent 
tunics ma}" be examiiK'd. In this way beautiful inje(!tions of 
the retina will sometimes be obtained. When eyes arc to 
be preserved for the purpose of subsequent observation, 
glycerine will be found the most efficient preservative solu- 
tion, but it should be used diluted with an equal quantity of 
w'atcr ill the first instance, otherwise shrinking to such an 
extent occurs that the structures are afterw’ard.s submitted 
to examination w ith great difficulty, w hereas if the .strength 
of the glycerine be gradually increased, this inconvenience 
is avoided. 

In order to examine the chofoid, the siderotic must be 

♦ A IX'sMTiptivi* Catalogue uf Preparations Illustrative of Diseas*^ of the 
Ear»” in tlie inuseuin of Joseph .Toyuliee. F.R.S. — Churchill, 1S57. 

S 
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rcmovcfl, and in doin;; tliis it will be found more convenient 
to cut a narrow strip quite out of the sclerotic in its entire 
circumference, than to make a simple incision. 

•f tnaklnip HrcttoiiM <if the llrlerotir, C'tirnea, and Retina. 
— Thin Hcctions of the cornea and retina are made upon the 
same principle as those of the skin. The sclerotic is first 
eh;aned by euttinp away all the muscles adherent to it with 
sharp scissars, and the eye is then cut into two j)arts with a 
sharp knife, without removing the vitreous humour. It may 
b(', divided (utlit^r transversely or in a longitudinal direction. 
When the cornea is to be examined, the anterior part may 
be well w’ashcd with water, and the ciliary processes, &c., 
nanoved ; after making little notches around it with scissars, 
in order that it may dry as flat as possibh^, it is to be pinned 
out upon a small piece of board with numerous pins. ^ It is 
allowed to dry spontaneously ,* and then thin sections may be 
made with a sharp scalpi'l and moistened with Avatcr, when 
they swell out to their former size. The section may be 
treated with a droj) of acetic acrid, when the structures of 
which it is eomposc'd will bereome clearly visible. 

1 It order to obtain a section of the retina, the jiostcrior 
jiart of the eye with the vitreous humour adhering is care- 
fully notched, and pinned out as in the former case. With 
c'arc the greaterr part of the vitreous may be cut away with 
scissars, but a thin layer should he allowed to dry upon the 
siirfacre of the' retina. Thin sections may be made and 
treated as in the ease of the cornea. Dilute ac'ctie acid or 
dilute caustic soda may be applied to the section after it has 
beern examined in pure water. The eyes shuidd be perfectly 
fresh at the time tluw are pinned out. Specimens prc])arcd 
in this manner should be compared w'ith others cflitaincd 
from recent organs. 

SSf . c:iiuroiil and Ciliary Prorrnses. — Injections of the 
Choroid are made as above described. The greater part of 
the black pigment may be washed away with a stream of 
water, or by agitation in water. The ciliary processes, when 
injected with transparent injection form very beautiful micro- 
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scopical preparations, and the arrangement of the capillary 
vessels in the thin l:j \er ol* the choroid known as the tapvtum 
lucidmn is most beautilul from its regularity. These speci- 
mens may be preservi‘d in glycerine. 

35H. Kxaiiiliiatlon of the C'eyMtalllne l^enH. — The crystal- 
line lens may be examined in the recent state by moistening 
a portion with a drop of water. It may be boiled, and some 
of the fibres carefully torn off, and afterwards moistened. 
Or it may be soaked for some time in a solution of chromic 
a(»id, and then subjected to examination ; or lastly, it may be 
dried, soaked in oil for a considerable time, and a thick {ler- 
fi'ctly transparent section made, w'hich may be ground to 
anv required degree of tcnuitv;the surfaces rnay^ be after- 
wards polislied. Sections prepare<l in this manner may" be 
mounted in Canada balsam. 

In examining the cluiracter of the fibres of the lens, it 
is better to boil it previously'', and tear off a few fibres with 
forceps : these may’’ be afterwards carefully separated from 
each otlu‘r with needles. The arrangement of the fibres 
should be c‘xamine(l in different animals, c^speeially in the 
human subj(*(!t, the ox, the horse, and in fishes.* 

If the disposition of the fibres of the surface is to be 
shown, the lens requires hardening in a solution of chromic 
acid. The lens may then be examined in a d(.*ep glass cell, 
in some of the chromic acid solution with a low power. 

In examining cataracts wc should carefully observe the 
microscopical cliaracters of the soft external pulpy part, as 
well as of the hard internal nucleus. In many" of these cases 
numerous oil globules will be observed, wliicli, from my own 
observations, appear to consist chiefly of cholcsterine held in 
solution in an oily fat; and other larger globules, consisting 
of some very transparent substance presenting nearly the 
same refracting powers as this portion of the lens, but 
evidently of very different composition, as they are not 
miscible with it, may be observed. Occasionally, also, small 


T(xld and £U)winan*M “ Pliy**ioU>gy," oliapt^r xviL 
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plates of cliolcstcriiic liavc been noticed. There is always 
mueli granular matter. 


r]K)Ti tli<* Kubjfrts treated of in lln* Iasi rliiiptt'r, ainoiif^st many others, the 
followinfr works shonlct In* consulted : — 

Viirions ai'ticlcs in tht* “ < 'yc'lnjuiMlia <»I* Anatomy and l*liysioloj;y/’ 
“ Kdlliki r’s IIand1»ook/' translati-d hy Husk and lluxloy tor the Sydenham 
Sofiely. TtHld and H iwnian’s “ I^liysioloj^y/' “ ( -luMuist ry of \"f)j*«‘tahl(* and 
Animal I*hyhi(»lo^y,” Miildrr. ** Lecturi’s on (’linical Medicine*,’' Dr. Ih‘nnelt, 
IHoH. “(Miemie und Mikroskf)]) uni KrankenlH'tte/’ Dr. lIo'He, — Erlanj^ren, 
1850. Hiulina*iits of I*atlH)lopcul JILstolofify,** hy (’ail WedI, M.D., translated 
hy tlie Sytlenham Soeu*ty. 
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CHAPTER Vlll. 

Lymph, Ciiyli:, Blood, Saliva, Milk, Bile. — Exaj)ihiation 
of Blood, — Blood in Disease, — Blood in Lower Animals. 
— Seki’m . — Examination of Serous Plaids. — Fluid from 
Serous Cavities. — Fluid from (^t/sts. — Spi tlm, ^ omit, 
l\i:cLs . — Examination of Sputum . — Of Preserrinr/ Speci- 
mens of Sputum. — Extraneous Substances in Sputum . — 
ISIneus. — Sputum in Broncbiiis ; Pneumonia ; Phthisis ; 
Tuberete ; pyayments of Luny Tissue ; Calear'eous Sub- 
stances. — Diptherite. — Enlozoa and Mufetabte Organisms 
in Sputum.— Other Structures met with in Sputum . — 
Examination of Vomit . — PDami nation of Matters passed 
btj the Bowel. — Diseharges from the Uterus and Vagina. 
Pl's, — 1 riiEHcLE. — Examination of Pus; Mieroscopical 
Characters. — Examination (f Tubercle. 

Lymiu, Cjiylk, liLouu, Saliva. Milk, IIilk. 

*5». Lynipii and Chyle. — A drop of lymph or chyle may 
be subjected to examination in a thin glass cell. Chyle can 
be obtained very readily from the thoracic duet of an animal 
which has been fed upon food containing much fatty niatl<‘r 
for some time before death. The character of the corpuscles 
should be observed and their reaction with acetic acid studied. 
The mode of examining lymphatic glands and lymphatic 
vessels has been described in §§ 222, 23 1-. 

260. Examination of Blood. — In order to examine the 
blood, a small drop is placed upon a glass slide, and covered 
with thin glass, which is to l>e pressed dow n until a very thin, 
transparent, and almost colourless, stratum only remains. 
If in this manner the individual globules canuot be seen 
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distinctly, a little syrup or scrum must be added ; but it is 
better to avoid the addition of any fluid, if possible. Upon 
carefully focussing, the red globules ^will 

fe) ® '3f£es aiipear to present a dark centre and light 

^ -r ©(T • r .1 T 

O’* reverse, according as 

the focus is altered (fig. 179), and liere 

there a white corpuscle may be 

^*o observed. The white corpuscles arc rather 

HIoimJ rorjiUErlcH, fiwiii hirf^er than the red, and have a granular 

liDilthy litiiiiun Iliuod, X .1 -IT,* /* 

iJib. a])])earance. Upon the addition of acetic 

acid, from one to three nucleus- like bodies make their 
appearance in the white corpuscles. 

If a little strong syrup be added to a drop of blood, 
the corpuscles will become much flatter from exosmosis of 
a part of their contents ; while, on the other hand, if jihuvd 
in wat(^r, they become spherical from endosmosis, and ulti- 
mately burst. It is not difficult to make a solution of 
similar density to that in the interior of the corpuscle; 
and in this manner, as Dr. Rees expresses it, we may 
“ take the spc^cific gravity of a blood cor])usclc,” if we ascer- 
tain the specific gravity of the solution which has been 
added to the blood. 


Acetic acid causes the membrane of the corpuscle to 
bect)me more transparent and clear, and to swt'll uj> from 
tmdosmosis. After the apjdiiration of fliis reagent, the blood 
corpuscle may be scarcely visible, but the mcmbraiu! is not 
disstdved by it. Strong hydrochloric and nitric acids do not 
dissolve the globules; with the latter reagent the outline is 
often rendered darker and thicker, while the entire globule 
becomes smaller. The corpuscles are entirely soluble in 
ammonia and alkalies. They are rendered darker, and the 
walls corrugated, by the acid of the gastric juice ; and, after 
remaining in acid urine for some time, a similar change 
occurs; hence the hlack colour of hlood, which has been 
eftused into the stomach, and the dark smoky hue of acid 
urine containing blood. This smoky hue is especially dis- 
tiuct in cases in which the blood has escaped from the 
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uriiiiferous tubes and has so been mixed with the urine in 
very small miantities at a time. 

lllood crystals, and the method of obtaining them, bavc 
been described in § 1G3. 

261. 6n Efitlmatins the Number of Blood Corpuscles. — This 
operation may be effected roughly by placing a drop of 
blood upon a glass slide, and pressing very firmly upon it a 
small piece of thin glass so as to obtain the thinnest possible 
stratum for examination. Upon examining tliis with a 
quarter, an approximative idea of the number of cor|BiscIcs 
in a small area which has been carefully marked out, may be 
formed. If specimens of the blood of patients , suffering 
from various diseases be examined in this way, the greatest 
differences in the number of the corjmseles will be observed. 
Vierordt has proposi'd a plan for determining the number of 
cori)uselc8 in a given quantity of blood numerically, by the 
microscope, and Weleker has improved upon this. It is 
obvious in such very minute researches the slightest error 
becomes very great, wlu'ii, from these data, the amount in 
a large quantity of blood is calculated. The operation is a 
very delicate one, and requires great care. As a full descrip- 
tion of it would occupy much space, I think it better to 
refer those who are likely to employ it, to tint original pajier, 
than to give a short summary of the i)lan which w'ould be 
useless in a practical po"nt of view.* 

262. Blood In Bisease. — 111 looking at a drop of healthy 
blood, besides the red corpuscles, here and tht-rc a larger 
white or colourless corpuscle is seen. The relative number 
of these should be carefully noted, as in disease they arc 
liable to increase enormously. In health there is one white 
corpuscle to about fifty red ones. The condition in which 
they arc much increased in number is frequently associated 
with enlargement of the spleen, and lymphatic and mesen- 
teric glands, and has been termed “ Leukhemia or, more 

• 

• Vierordt in “ Vierordt's Archiv./’ Jahr^. 11., lleft. I. Dr. Weleker in 
“ Arehiv. des VereinH 1 ur geinein»chailliche Arbeiten zur Fbrdemng der Wi»- 
seiujchafllichcu Heilkunde/' VoL i., page 161. 
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correctly, Lcucocythemia/^ or white- cell blood disease 
by Professor Bennett. In extreme eases, white or colourless 
corpuscles are, alniONt as numerous as the red, and ^ley appear 
much more so, because the red-blood corpuscles collect 
together in little piles, while the white remain separate and 
distinct, and oe(!Uj)y the intervals or spaces thus formed. 
The surrounding fluid contains much granular inattcT. ITjjon 
being treat(‘d witli acetic acid, the cells swell up a little, 
become more transparent, and usually disjday one, two, or 
even jfiore roundish bodies in the centre, inueh res(unbling 
tliose develoj)ed in the pus globule, by the action of the same 
reagent.* 

In some eases of cholera, several cells, much larger than 
the white corpuscle, have been found in the blood, although 
it is probable that their nature is closely allied to tlu^se. In 
a case which I had an opportunity of examining, some years 
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ji^o, many of these larjje cells contained oil globules, collected 
together in one part, leaving the remainder of the cell per- 
fectly clear and transparent as if the endosmosis of fluid had 
occurred. The outline of the cell -was distinct and well 
defined, fig. 180. 

Sometimes the blood corpuscles adhere together with 
unusual tenacity. Of this. I met with a very unusual 

• Bennett on “ Leiieoeytlieniia,” 1852. “ Clinieal l,eotnrei« on the Prin- 

rtples and Practice of Medicine,” 1858, |m^e. 817. 
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example iu tlie year 1854. Tlic case was that of a man aj^ed 
twenty-six, who was suffering from kidney disease. The 
corj>useles in the dcfibrinated blood manifested so great a 
toudenev to cohere, that they collected in small masses, look- 
iiifC like iiiiiiiite dots to the naked eye, floating in a clear 
serum, if a drop of the blood was placed on a slide and 
covered with thin glass. By pressure they were made to 
separate, but soon adhered again. In this ease, there cer- 
tainly ap])ear(;d to (wist an attraction betw(*en the corpuseU's. 
It seems inipo*^sib]e to explain the cinainistanee by suj)[)Osing 
any unusual alteration in the density of tlie scuniin and cor- 
puscles. 1 lu'ver saw such an appearaiua* as that re|)res(mted 
in tig. 181 Indore, and 1 have mwer met with such a ease 
si net'. 

203. ItliKHi of I.owor Animals. — TIh* hlood of thci h)W('r 
animals, ])arti(*nlarly of tlie rat or mouse, bird, frog, newt, 
and lish, shoidd be examined wlien ojiportunities ocrur. 
Th(‘ size of the* (Colourless ccu’jmseles in tlmsc (liflenmt animals 
may hc' ec^nipared, and it is int(‘r(‘sting to ohservi‘ the relation 
whi(ch they Ix'ar in size and number to the red gl(^l)iil(‘s in 
them, as well as in man. 

In the interior of some of the blood corpuscles of the sjdeen 
of the dog, and of certain fish, as the pendi, and other animals, 
two or tliree litth^ yellowish crystals have been observed 
(Funke, Kbllikcr). Sometimes, in examining a (dot of hlood, 
which has bc(*n cflused in the brain, or in other situations, 
and which has remained there for some time, rcxl crystals 
of luematine may be found in it. Spltmic blood has idso 
be(ui found to (*ontain free crystals, TJie subject of blood 
(Tvstallization lias been considered in § 103. 

The phenomena of tlie eirenlation of the hlocal are better 
studied in the foot of the frog, in the tail of the minnow or 
stickleback, or in the braiichia! of the young newt. The former 
is to be placed in a nudist bag and carefully ti(‘d down to the 
frog plate. Among Tnanimalia,»in the wing of the bat. 

204 . Saliva. — The examination of saliva pn^sents no 
diflBculty. The fluid is perfectly traii-sparcnt and viscid, but 
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it holds in suspension, besides epithelium from the mouth, a 
number of small cells, for the most part of an oval or 
spherical form, which are probably derived from the ducts 
of the gland. These arc about the l-2()00th of an inch in 
diameter, and arc sometimes called “ Salivary Corpusclcs.^^ 
In 8om<; cases tlu!y accumulate in great number, and closely 
resemble jjus corpuscles. Some observers consider them to 
to be alttiHid ej)ithelium from the cavity of the mouth, but 
this can hardly be the case, as they are often met with in the 
absence of any of the characteristic cells of scaly epithelium. 
They are found in great number in cases of salivation. These 
cells arc figured in “ Illustrations,” “ Sputum,” I., fig. 3. 
Occasionally the salivary ducts have been found to contain a 
eonsiderable number of small, white, granular masses, which 
arc perfectly spherical, and consist of cells filled Muth large oil 
globides, or they arc perhajis mere collections of oil globules. 

SOS. Kxamination of Milk. — The examination of milk pre- 
sents no difliculties. All that is necessary is to place a drop 
upon a glass slide and cover it with a ])iecc of thin glass. 
The general charaeters of the oil globules, and the fact of 
their not running together, and forming larger globules when 
pressed, should be noticed, fig. 182. This is prcventi^d by 
the albuminous investment which surrounds each globidc. 
Fit;. 1 S 2 . and which may be demonstrated a.s 


. v-> . ;» 

‘ O.’q'o® " 

Milk giobiilirs, >c 21i>. 


follows. If the drop of milk be treated 
with a little acetic .'mid, the form of the 
globule is much altered, and if the acid 
be strong, the membrane will be dis- 
solved, and several Avill run together, 
forming a larger globule. Again it will 
be found that ether will not dissolve the 


oil globules of the milk unless a little carbonate of soda, or 
some other alkaline salts, capable of dissolving this mem- 
brane, be previously added, when the ether immediately 
eft’ects the solution of the oily matter. This very' instructive 
experiment may be performed in a test tulre, or upon a glass 
slide, under the mieroscopc ; the reagemts being most con- 
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veiiicHtly applied by using the little bulbs (§ 138). In the 
figure some globules thus treated are seen running together. 

The colostrum, or milk secreted first after delivery, will 
be found to contain many large cells, consisting of an invest- 
ing membrane, filled with oil globules resembling those U’hich 
-arc floating free in the surrounding fluid. 

lly microscopical examination, the most common adul- 
teration of milk can be readily detected, — such, for instance, 
as chalk and flour (starch globules). It has been said that 
milk has been adulterated by the addition of shceji's or other 
brains. Such cases arc, no doubt, very rare, as they could 
not be mixed to make a fluid, cither in appearance or ta.ste, 
like milk. Fragments of vessels, nerve-tubes, and cells, would 
be readily dt'teetcd upon microscopical examination. The 
only adulteration of milk which is of the least importance is 
water, and this, 1 believe, is the only one ever carried out to 
any great extent. 

zan. Exaniination of Bile. — The only insoluble substances 
met with in bile arc epithelial cells of a columnar Ibrm, oeca- 
siontilly crystals of (diolestcriiui, and very fre(piently minute 
dark yellow particles consisting of ins]>issated bile. Sometinn^s 
thes(! arc nearly sj)herical, almost like very minute calculi. 
The observer must remember that in examining the bile of 
many tif the lower animals, especially the sheep, he may meet 
with the ova of entozua, which sometimes pass into the bile 
in immense numbers. In the bile of fishes these arc often 
very numerous; some of them have a very peculiar appear- 
ance, and may be mistaken for cells. Little solid particles 
and masses of cpitludiuin often become the nuclei of gall 
stones. The mode of crystallizing bile is described in § IG l. 

8£UVM. 

26 ?. Kxainlnatlon of Serous riulds. — Serous fluids may be 
poured into a conical glass vessel, and allowed to stand until 
all the deposit has collected. A >mall (quantity may then be 
removed by a pipette, in the usual way, and examined in the 
microscope. The microscopical characters of a serous fluid 



268 THE MICROSCOPE IN CLINICAL INVESTIGATION. 


of (loul)tfiil origin, should be contrasted with those of ascitic 
fluid, tlic fluid of liydrocclc, and scrum from ovarian and 
other cysts. Portions of liydatids and claws of ecliinococci 
arc sometimes met w ith in fluids removed from a cavity w liicli 
contains or communicates w'ith an liydatid cyst. The deposit 
slioiild l)c candully examined in lh(! microscope, as the liooks 
arc n^adily d('t<H;t(rd, and tlur nature of tltc‘ (‘as(* at once 
bcconn*s evident. 'J'Jie dejiosit from a serous fluid r(‘movcd 
from tli(' chest of a girl, is rcj)rcs(‘nted in (ig. ISo. 

Alhuincu in a serous fluid can always Ik‘ deteelcd by the 
aj)j)]i(%*ition of In^at, or upon tlie addition of nitric acid. 

Fiiiiii from fiieroiis c:avfii€^N. — The (dear serous fluid 
whieli collects sometimes to a great extent in the peritoneal 
(‘avity {ascit('s), will be found, if recently effuscal, to contain 
but traces ol cells, or c(dl dc'liris; but after the disease has 





from Hhiiiit two oiiiirefi »»f fluid, iriiiovrd 
from ilir rlii'st of h jru’l ujrfd ! w -tlirei*. a. (riuiiular 
rolls, junlmlily (roiu tlirwulU of ilio ruvity m \>Jiirli 
thr tluul liml rttllrrlfd. 5, Claws ol rrhiiioi ocn. 'I'lir 
rirrular, «»il-likr massrs wrir midrrrd ^rmiutar liy 
ncriir acid. Tlicsc cliarurtcis n( once slum tlic nature 
of I he rase. 

yellow colour, — opaque, with 


l>CH‘n of long standing, 
the suidaet' of tlu' jx'ri- 
ton(?uni hi'comes altered, 
and e()V(‘r(*d with a vast 
number of granular and 
almost spheru^al cidls, 
varving verv miudi in 
size, ami not usually 
eontainiii}; a distiiiot 
nuflt'us. A iiUMltTatcIy- 
abumlant deposit often 
takes place after the iluid 
lias stood for some time. 
Jn other eases, wliieh are 
of a more acute character, 
the fluid is found to be 
of a greenish or dirty- 
numerous flocculi and slircds 


of false membrane suspended in it, or attached to the surface 
of the peritomemu. In such a specimen, pns globules, with 
many of the cells above refen-ed to, and fihrillatcd slircds 
of fibrin, would be found with other cells, which are darker 
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ill consequence of being filled with minute oil globules. The 
flo(*culi present a delicately fibrous appearance, with numerous 
cells entangled in the meshes formed by the interlaet'ment 
of the fibres. Plates of cholesterine are sometimes found in 
ascitic fluid. The fluid which accumulates in hydrocele is 
usually perfectly clear, containing a few delicate cells, and, 
perhaps, a few free oil globules. Spermatozoa arc sometimes 
met with, and occasionally many plates of cholestcudne arc 


present. 

2«f». FiiiiiiM friiiii — l'j)on contrastiiig tin* serous 

fluids just allud(?d to with those which are found within the 
c'avities of cysts, a marked diflcreiUM' is always obs('rv(‘d, both 
in their chemical as well as in their microscopical characters. 
As an (‘xampl(^ of a cystic fluid, ovarian scnaim may b(^ 
instanced ; but the fluid found in cysts in dilhu'cnt ])arts 
of the body, as in the anflaim, in the eyeball, thyroid gland, 
in the mamma and other organs, &C., will bc^ found toprc^scait 
vt'ry similar characters. 

The deposit of ovarian fluid (*onsists usually of cells, fn‘(! 
granular matt(‘r, oil globules, and perhaps blood corpus(‘l(\s. 
Not iinfrc(jU(‘utly, uuiny crystalline j)lat(‘s of clioh*st(‘riiu? 
arc ohscuvc'd in it. 'flu* cells arc eompos(*d of at least two 
dislin(‘( forms: — 1. Small, delicate', transpanmt, and faintly 
granular ciUs, without tlu‘ slightest appi'aniiu'c of a nucleus, 
some being somewhat larger, and 


others sraalh'r, than a pus cor- 
puscle. 12. Large cells, often as 
inueh as the thousand of an iueh 
in diameter, but varying in size, 
of a dark (dolour by transmitted, 
and white by reflected light. 
These, which have been termed 
granular corpuscles,^' com- 
pound granular cells," iuflum- 



Coll<*rtiiM»K of liUnutc oil uIolmicH, IIm* 
i»o-c{illcU ror{iU!*rlL-*, roin- 

poiif.iJ tfniiiui.ir rorjiuiitli;#, Ucr., from 
iftofteiicU brHJii, x 


matioii globules/’ &c. (page lo()),.are aggregations of minute 


oil globules in a cell form. They are almost constantly pre- 


sent in tbc fluids which are now under consideration, aud 
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have a structure apparently identical with that of cell- like 
bodies presenting similar characters, and found frequently 
in softening of the brain (fig. 181), — sometimes in the coats 
of vessels undergoing fatty degeneration, in the sputum 
Kijf. JBB. — especially in jmeumonia in an advanced 



5 


stage, in cystic tumours of the breast, in 
malignant growths, in the urine in certain 
cases, and in other fluids and solid struc- 
tures in a state of degeneration. In all 
instances, the fatty matter abounds in 
cholcsterinc, which crystallizes out from 
an alcoholic solution. I have seen cases 


nipoHit from ovnrinn j]^ wliich thc cholcstcriue crystallizcd out 

fluid, r Rh»od rorpimrlfH 

rfiuirrrd BphiTjj ill iiy im- aftcr colls of tliis kiiid had for sonic time 

diiHinoHiH. b. rulr icriiiiu- 

mi prescrvcd as permanent objects. Its 

S'nir'r*' Thr " pi’^^'^cncc Can al\fay8 be demonstrated by 
Cn“U'!U'‘;.M"rai 'im- treating the cells with a little dilute 
alcoliol and allowiiig the solution to 
evaporate spontaneously. The attention 
of thc student is particularly directed to thc occurrence of 
cells of tins description in various morbid jiroducts. 

Fig, 185 represents the ai)j)carancc of the deposit from a 
>'ig specimen of serum obtained from a 

^ ^ case of ovarian dropsy. In some rare 

to cases ciliated epithelium is met with in 

® ^ ^ • Hvn. the fluid of ovarian cysts. Thc aeeoin- 

■ ^ panyiGg figure (fig. 186) was taken from 

, , . a specimen 1 met with seven years aso. 

Ciliated rpitlidiuni Oranular * . . 

eeliii and coUvvUvuh of oil pio- Tlic cyst froiu whicli it M’us rcmovcd 

huii'M, front the Brruui of an * 

oMiriun ijiit. x 215. origiiiallv developed from tlie ovary, 

and was not connected w itli the Fallopian tube. 


Fig. IrtO. 






Ciliated rpithdiunt Granular 
rrllii and conf'CtiuiiE of oil glo- 
huh'M, front the si'riiiji of an 
couriitu fv»t, X 215. 


SruTCM, Vomit, F.i;c£s, &c. 

It is proposed to give a short description of the micro- 
scopical appearances of the diflerent varieties of sputum 
which come most frequently under the observation of the 



THE MICROSCOPE IN CLINICAL INVESTIGATION* 271 


practitioner, — the nature of which may affect the diagnosis 
of the case. It is now generally admitted that in some eases 
mucli is to be learned by a careful cxainination of the sputinn 
in the microscope, and there arc even a few instances in 
which the nature of morbid changes going on during life 
lias been ascertained, and a decided prognosis justified 
at a very early period of the disease, when there were 
regally no other symptoms to attract special attention, and 
nothing was discoverable from a most careful investigation 
of the jihysical signs. It is, however, quite true that the 
nature of many cases is to be satisfactorily ascertained with- 
out the necessity of resorting to a microscopical examination 
of the sputum, and there are some in which the microscope 
does not afford the slightest help. At the same time, every 
])ractition(*r should now be fa^iiliar with the microscopical 
characters of the principal varieties of sputum ; for in the 
course of practice he will certainly now and then meet with 
an obscure case, in the diagnosis of which the microscope 
will afford him the most important help. 

ExaiiiinaiiAii tif Nputum. — Some observers have 
recommended that the siiutum should be thrown into water, 
so that certain pieces may be selected for examination; but 
I think, as a general rule, it is better to avoid the admixtun^ 
of water, as it necessarily causes a physical alteration in many 
of the ce lls, and produces complete disintegration of some. 
Small pieces of sputum should be removed from the vessel 
with the aid of forceps and scissars, and placed upon a glass 
slide. It is better to remove at once two or three specimens 
from different parts of the sputum, and place them on the 
same glass slip for examination. As great difficulty is often 
experienced in removing portions, in conse(|Ucnce of the 
tenacious character of the sputum, my fri(md Mr. Sansoni 
has designed a pair of forceps which completely overcomes 
this difficulty. These arc xepresented in fig. 31. The blades 
are slightly cup-shaped and th^ edges sharp, so that pieces 
of the viscid sputum can easily be cut off. Pieces of sputum 
will often require teasing out with needles upon the slide, 
and if, from the opacity of the specimen it is necessary to 
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add a fluid, it is better to use a little glycerine and water, or 
white of egg. The specimen is to be covered with thin glass 
inj;hc usual manner. 

271« Of preHerviimr Opecimenii of Sputum uh Permanent 
osjectM. — Specimens of sputum may be preserved in glycerine 
and water, and keep very well, but are rendered very trans- 
parent; the naplitlia and creosote solution, dilute spirit, and 
water impregnated with arsenious acid are also employed for 
preserving sputum. The preservation of the recent cha- 
racters of sputum is a matter of great difliculty. I have 
tri(id a great number of diflerent preservative solutions, but 
have not sin^eeedcd in finding one which possesses all that is 
required. Many so completely alter the character of the 
cells, that they could not be recognized, while some have the 
efleet of keeping the specimen^ very well for a time, but after 
tlic lapse of years it lias undergone complete change. I have, 
therefore, a})j)eah'd to Dr. Andrew Clarke, who has had very 
great l^\|)erielU!e, and hit makes the folloAving rcunarks upon 
the relative nature of different preservative solutions which he 
has tried uj)on s[)eciinens of sputum. 

Of twenty spe(rimens (or thereabont) of tubercular 
sputum mounted in 181(), one remains; of many mounted 
in .18-17 about six remain, and so on in increasing numbers 
to the present time. Specimens mounted up to 1850 (this 
is from memory) were presorvt^d in the spirit and water solu- 
tion, No. 1 in the note. Of any given number of specimens 
mounted by me at any time, and under apparently the same 
iureumstanccs, rarely more than a half keep good for two 
years. 

Success in tlie preservation of specimens of tubercular 
sputum, in my experience, hinges much more on the care 
taken in inoxniting and in the frequent coating with cement, 
than on the nature of the preservative fluid. 

Contrary to general experience, I find it undesirable to 
steep specimens of sputum for any time before being mounted. 

Three years ago I mounted several specimens of one 
kind of expectoration in different fluids. Looking at these 
Specimens now, I should recommend the subjoined formula? 
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as the most worthy of adoption. The saline fluids preserve 
the specimens least changed — but not for the longest time.^^* 

2*32. extraneous MiiliNtanceK In Slputuni. — As may be sup- 
posed, epithelium from the cavity of the month and air 
passages, with portions of any vegetable grow ths which arc 
so commonly found in the mouth, especially about the back 
of the tongue and in the matter secreted by the tonsils, 
with small fragments of any substances taken as food, arc 
liable to be met with in sputum. Unless the observer is 
familiar w ith the appearances of all these structures, lie will 
find himself beset with diflicultics at every step, and will 
be liable to make the most ludicrous mistakes. In the first 
instance, he should be familiar with the characters of the 
('j)ithelium from the cavities of the mouth and nose, tongue, 
trachea, and lironchial tubes, and with the cells in the mucus 
formed upon these portions of the mucous membrane. Next, 
he should place under the microscope small quantities of the 
different extraneous matters liable to be met with most 
frccpicntly. The most important are the following : bread, 
wdu'at starch, potato starch, rice starch, testa of wheat, cells 
of potato and other vegetables taken as food, cotton, flax, 
and silk fibres, ])ortions of feathers and hair, air bubbles, oil 
globules, portions of adipose tissue, as bacon, muscular fibre, 

St»hitu)nM for the jnvsit.Tvatioii of sputum. 


1 . Spirit 1 ouiieo 

Creosote 30 minims. 

nicliloride of mereury 1 {^niin. 

Saturated carajdior water .... G ounces. 


Dissolve the bieliloride. in the water, then tlie ercosotc in the spirit ; mix 
gradually, agitate, set aside for son»e days’ and filter. 

2. Arsenious juiid and CJoadhy. 

Make a boiling saturated sjilution of arsenious acid, when C(x>l diliiU* witli 
three parts of siiturated camjihor water. This forms the eommoii A* s^dution. 

Take of this solution 1 j>art. 

Take of (ioadby’s liuid 1 „ 

Take of saturated eampbor w ater 1 ,, 

Mix r allow the solution to stand for a week and filter once or twice. This 
fluid is very good, but it increases the fibrillation of muein. 

3. Of the above ^ parts. 

Of glycerine... 1 „ 

Very gCMnl for thick sjKicimens w’liicb are alsr> ojiaqnc*. UlofKl discs in the 
sputum remain distinct in this medium. 

T 
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wliite and yellow fibrous tissue, fragments of cartilage, 
bone, &e. Many of these arc figured in “ Illtistrations of 
the Use of the Microscope in Clinical Medicine. Urinary 
UcjM).sitH,” Plates I., II., III., Sputum, Plate I., Vomit, 
Plate I. 


Of the Different Kinds of Sputum. 

The anatomical elements met with in sputum vary much. 
Its character is also much influenced by the time which 
elapses prior to its expectoration. 

Eia, itfucuM, w'hich is formed in the fauces, and to a slight 
extent in the air tubes of healthy persons is clear and trans- 
parent. The viscid, indistinctly fibrillated material, to which 
its physical characters arc due, entangles in its meshes cells 
of various forms and in different stages of growth ; and in 
some specimens every transitional form of cell, from the 
large cell of squamous e])ithelium to the small faintly granular 
corjmscle, formerly termed muciis corjmsr.le, may be detc^cted. 
Sec “ Illustrations,” Sputum, Plate I., figs. 1, 2, Not 

unfrequently cells of columnar ciliated 
ejntheliuni from the trachaia or bron- 
chial tubes arc ])rcsent. Fig. 187 
rejmesents the microscopical cha- 
racters of a specimen of transparent, 
frothy, viscid, and almost colourless 
rnlourh'HM lironcliiiil spiituni, x 215. bronchial sputum. Some of the cells 
which have been triaited with acetic acid, are shown to the 
right of the figure. The clesir mucus is jn’ceipitated by 
acetie acid, and numerous striic make their appearance. 

In catarrh, when this mucus is more abundant, besides 
the cells above alluded to, a number of round or oval masses 
are observed, which consist of aggrc'gations of minute oil 
globuh's cohering together, and often appearing to be con- 
tained within a cell wall. Two or three of these arc repre- 
sented in the figure. They tu'e often in great number. 
Gninular masses, varying mueh in 'size, bul for the most part 
smaller than the last, arc also met with. A vast number 


l-f ' ' 
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of granular cells, closely resembling pus corpuscles, are very 
common in most specimens of sputum, and it is not difficult 
to make out all the intermediate stages between the faintly 
granular cell which is rendered transparent upon the addi- 
tion of acetic acid, and the true pus corpuscle, in which this 
reagent developes two or three characteristic highly refract- 
ing bodies, which distinguishes it from different forms of 
epithelial cells. 

274. spucutn In iMieuiiionia. — The rust coloured sputum 
of the early stages of pneumonia contains a number of the 
large s})herical collections of minute oil globules (exudation 
corpuscles, or granular cells) together with a vast number of 
minute granidar cells of a circular form which are developed in 
the exudation poured out into the air cells of the lung, w ith 
numerous blood corpuscles, for the most part se])arated from 
(^ach other, to the presence of which the i)eculiar colour of 
the sputum is due. At a later stage, in bad eases, the quan- 
tity of blood increases, the mass is nearly fluid, and contains 
a vast number of disintegrated cells and much granular 
matter, with numerous altered and ragged blood eorj>useles. 

215 . siputiiin 111 iironciiitis. — The opaque ycdlow s])utuin 
of chronic bronchitis owes its peendiarities to th(‘ presence 
of jms corpuscles which are suspended in the viscid* matcu'ial. 
In these cases every form of cell is often met with, and 
ci)ithelium in all stages of growth. Granular inatt(*r and 
small oil globules are frequently present in considerable 
number. Collections of dark colouring matter, more or less 
globular, and much resembling the collections of minute 
oil globules above alluded to, arc frequently observed. Thos(j 
are formed partly of blacks, introduced in respiration; but 
sometimes the dark coloiu’ing matter is formed, or at any 
rate collected, in the air cells of the lung, and consists of dark 
coloured material derived from the blood, and not introduced 
from without. A large quantity of coal dust is found in the 
expectoration of men working nn coal mines ; and in the 
Sheffield dry grinders, metallic particles, wdiich are inhaled, 
and give rise to great irritation ; and, not unfrequently, death 

T 2 
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takes place at an early age. These metallic particles are 
expectorated, and can be detected in the sputum. Dr. Hall, 
of Sheffield, has paid great attention to this fatal disease.* 
Tljc character of the pus corpuscles vary much in different 
8})ccimens of sputum. Sometimes they are well formed, and 
exhibit their ordinary characters, hut often they arc fainter, 
not ])erf('Ctly circular, perhaps with very irregular outlines, 
and partly disintegrated. In cases where the pus has been 
retained for some time in tlie air tubes, or in cavities after 
its formation, it is completely broken down, and no distinct 
corpuscles arc to be distinguished. 

310. SiHitiim In piithisifi. — Thc characters of sputum in 
plithisis arc very variable according to the stage of the 
disease, tlie amount of lung implicated, and the lengtli of 
time the sputum has been retained in the cavity before its 
expectoration has occurred. Ko ])hysician would attem])t to 
diagnose a c^ase from the (.‘xamination of thc sputum only, 
and 1 mueli doubt if tin* (characters of the simtum alone are 
so invaria])le as to enabhe one to determine witli precision 
the ])arti<!ular stage ol‘ tlie disease. So far as 1 know, 
the only forms of sputum Avhich would be considered by 
ordinary examination with the unaided v\c to be eharae- 
terislic of jihthisis, are met Avith only in confirmed 
cases where tlierc is almost invariably strong 
evidmici^ of the existence of the disease of a differtait 
kind. The sputum often contains ])us corpuscles, 
sometinu^s Avell formed, and in other instance's apjia- 
rently disintc'grated, Avith much granular matter, 
and often minute oil globules, Avith a number of the cells 
above alluded to, as being derived from the smaller bronchial 
tubes. In many cases, but not in all, the mieroscxipe cer- 
tainly affords very imjiortant information. 

Thc general character of tubercle corpuscles is repre- 
sented in the figure. They are seldom found in sputum 
unless mixed Avith a considerable quantity of granular 

* ** On the Diag'nosis, Are., of Thovacie Coiisuni]>tion/’ third 

edition. — Longman, 1850. 


Vixk- 

^ ' fS C, . • 

rorpiiHclrH, 

X iir*. 
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matter, and in many cases, pus corpuscles are so numerous 
that it is difficult to discover the tubercle, while the latter 
is often disintegrated, so that it cannot in all cases be dis- 
tinguished as a special deposit. The characters of tubercle 
are described in page 29(), and tliosc of tubercular lung in 
page 201 . 

Fragments of hung Tisstie . — It is, however, most impor- 
tant that the practitioner sliould be familiar with the cha- 
racters of one structure sometimes met with in phthisi<*al 
sputum, wliich has been cursorily alluded to already. The 
recognition of this is really a subject of the gri'atest jiractieal 
importance. The microsco[)ieal characters are distinct ; the 
stnurture cannot be confounded with anything else met with 
in sputum, and the diagnosis to which the practitioner is led 
even at a very caidy period, before the ])atient or his friends 
have the slightest sus])i(non of serious disease, will be in 
almost every ease in which the strueturs is observed, but too 


Kig. ISM. 



j)ainfully correct. I allude to the very important observation 
of Professor Schroedcr van der Kolk of the presence in the 
sputum of the elastic fibres of the piilmonar}’’ tissue at a 
very early period of the disease. This was noticed in the 
year 1840, and the value of the observation has sinee been 
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amply confirnicd by Dr. Thcophilus Thompson, Dr. Hughes 
Bennett of Edinburgh, Dr. Andrew Clarke, Professor Quckett, 
and many other inicroscopists. The elastic tissue is not 
prone to change. It can hardly be mistaken for any other 
stnicturc, and it is detected with great facility, especially 
if the* sputum be treated with acetic acid, which renders the 
other elements transparent, but has no action upon tlic 
clastic tissue. Its presence shows that disintegration of the 
walls of the air vesicles has actually commenced. In search- 
ing for this substance.', several sjwicimens from different j)arts 
of the, sputum should be examined, and any little grayish 
masses should be jiarticularly selected. Dr. Bennett men- 
tions a case in which this cla.stic tissue was met with 
at a time when no other signs of phthisis were present. 
The sputum Avas examined by Dr. Bennett, . Dr. lliff, Pro- 
li^ssor (luekett, Mr. Rainey, and myself. All concurred in 
j>rt)nouneing the substance to be pulmonary tissue. After a 
time other symptoms of the affection manifested themselves, 
the j)hysical signs of a cavity became distinct, and the patient 
died. The lung tissue represented in fig. 188 , was found in 
the sputum of a ease of phthisis of about a year's duration. 
Fragments of this kind arc not unfrequcntly found, but 
several specimens should be subjected to examination, and 
the effect of acetic acid should be tried. In somf specimens 
of sputum there arc numerous curved bands and streaks 
of muciis which somewhat resemble the ela.stic tissue u2)on 
the addition of acetic acid ; no distinct fibres arc to be made 
out, and the fibrilluted aiipearancc becomes less defined in 
consequence of the mucus shrinking from the action of the 
acid. The obscrAxw should not trust entirely to the appear- 
ances observed in sjmtum, until he has become familiar with 
the characters of the elastic tissue taken from the lung itself. 
Crystals of cholcsterine arc occasionally found in phthisical 
si)utum. This crystalline fat usually exists in considerable 
(piantity dissolved in other %tty matters. 

zit. itiiith«ritc. — There is nothing very distinctive in 
tin' exudation effused upon tlie surface of the mucous mem- 
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braiic of the fauces in these cases. It consists as is well 
known of a wliite soft membrane varying considerably in 
thickness. Under the microscope, this is found to be com- 
posed of a more or less transparent viscid substance about tlu> 
consistence of mucus and exhibiting the striutious and wavy 
lines always seen in this material. Sometimes the bncs arc 
so regular as to give to the specimen a delicately fibrous 

Kig. 189. l')g. 190. 
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1 $ 


Fulae membrane, from eases of Uijilliente. 

I’n: l''l) — From a ease ot a g:eiitlcrmm aboul foiiy, on the fonri)i ilay of the tb.HcaHe. m. 
Kpitlteliai eelU from 1 1n* miieous iiiemtiranc of tin.* nioiitli. h. I’ortion of false membrane evliibil- 
iri*; a slnated appearHiiee am] eiitaiij'hnj; iimiierous cells resenil>iiii{! pus eor|Mi.seles. e. (Jells like 
}»us corpuscles, sliotMii;; miclc! very diRtiiiet. d. Aiiotlier part of the false membrane Hlretclied 
some^^ bal ami ent:ue. 4 liii;x corpuscles rendered ovul by the pressure. 

Fi^f. 11)1) — From anothi^r cast; on the* fourth day. e. (iranular cells inonMliHiiiteprralefl thnii 
those represented at e, and not exhibiting iiiiclei. f. Hlood corpuscles, r/. A portion of the 
mass entangling granular cells acted upon by acetic acid. No envelope is to be Selected as 
would have lieen si eu in the ease of the pus corpuscle, but here it has been dissolved by the acid. 


appearance. Entangled in this are found a, cells of scaly 
epithelium from the mouth; b, a number of small transparent 
granular, round, or oval particles, resembling those found in 
tlie mucous follicles of the fauces and in the deepest layers of 
epithelium. In some cases the membrane appears to consi.st 
almost entirely of onlinary epithelium, in others the small 
roimdish cells j)redomiuate, while sometimes the mass appears 
very transparent and only contains a few of both forms of 
cells just described. The small cells pass intf) pus corpuscles 
and where the case is severe and the powers of the patient 
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much reduced, the number of these jms-like cells is very 
great. It is, howcvcT, important to ohserv'c that the action of 
acetic acid upon these is different from its action upon a well 
formed corpuscle. One or two bodies with a well defined 
dark outline but not j)erfcctly circular arc certainly displayed 
as in the case of the pus cori)U8clc, but the greater part of the 
cell seems to be dissolved by the acid, or rendered so very 
trausj)arcnt as to be quite invisible. It is probable that if 
the formation of such cells was to continue for a certain 
])criod of time, w'cH defined pus corpuscles would make tluiir 
apjxjarance. 

In this condition then it would appear that the greater 
])art of the epithelial layer is strij)pcd off from thci subja- 
cent structur<; in a membranous form, — that this is increased 
in thickness by the rapid development of new cells having tin; 
characters above described upon the surface of the mucous 
membrane, — and that these lu'w cells, corresponding to tlu; 
deepest layer of (q)ithclium, lose more and more the epi- 
thelial (diaractcr, and tend gradually to ])ass into pus cor- 
]»uscltis. It is true that in many eases sporuU's of fungi are 
met with, but many circumstances prove satisfactorily that 
they nu^rely grow in the false membrane as in a nidus 
favourable to their development, and are not to be regarded 
us the cause of its production. 

The dcseri])tion given above, results from observations 
made by myself upon 8j)eeimens which have fallen under my 
notice. The two cases from which the drawings were mad(r 
occurred in the practice of Mr. AVoody, of Tamworth, mIiosc 
assistant, Mr. Spratly, I have to thank for the specimens and 
careful notes of the cases. 

Virchow considers that an exudation takes place into 
the substance of the mucous membrane itself, and that the 
tension so caused at length leads to idccration. In the frag- 
ments of false membrane which 1 have examined, 1 have 
failed to find any structures (capillaries, areolar tissue) enter- 
ing into the formation of mucous membrane, except epi- 
thelium. 
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278. £ntozoa and Vegetable Orpranlsm^ In Sputum. — 

Hydatids are sometimes expectorated iii sputum. Occa- 
sionally they arc developed in the lung itself; but in the 
great majority of instances they are formed in the liver, — an 
opening is gradually Pig. i9i. 

made through the 
diaphragm, and they 
make tlicir way 
through tlic lung into 
a large bronchial tube. 

After the cyst has 
Ikmjii completely emp- 
tied, the large wound 
gradually closes, and 
the ])atieiit may get 
fjuito well. Two or 
three eases of this kind 
have been in King’s 

CJollege Hospital. run^i in varuniB Rtaffcs of ^row'th, witli r{>it|u'liuni of tlir 

mouth, cx|M‘<*torHlfil hy a patient iii l)»u last Btajje of 

One occurred, some x iuv 

tinio sinr*e, in the jjracticc of Dr. Todd.* The clia- 
ructers of the cysts are sudicieiitly distiiietive as a general 
rule ; but if the sputum be well agitated with water arid 
allowed to stand, the claws of the cehinoeocci >vill sink to 
the bottom and may be removed with a pipette. The appear- 
ance of these is characteristic. Sec fig. 12 in the Introduc- 
tion and chapter xi, on Eutozoa. 

Futigi arc from time to time met with in sputum, but the 
distinctive characters of these will be briefly considered in the 
Isist chapter. Fig. 191 represents the characters of fungi 
from some apthous sores in the mouth of a patient in the 
last stage of phthisis. The specimen w'as sent to me by my 
friend Dr. Scott Alison. 

270 . tttber MtructureH met with In Hpiitnm. — Blood Cor- 
jjmcles are occasionally met with in small numbers in all 

* “ Minliial TiincH and GazotU*/’ 1852. See also Livois, “ Htrlierchea Hur 
k’S Holiiiioeoqaes cUez Phomuic/^ &e. — Tlieae, Paris, 1843. 
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varieties of sputum ; they may be derived from the gums 
or some part of the throat, and do not necessarily indi- 
cate the existence of serious mischief. Sometimes blood 
corpuscles are aggregated into small masses, and Dr. Rad- 
clyffe Hall has described such collections as inclosed in a 
filmy cell. 

Dark Granular, Cell-like Bodies . — In sputum in various 
conditions a number of dark cell-like masst^s arc oftcji found. 
In some cases the dark material consists merely of car- 
bonaceous matter wliicli lias been inlialcd ; but in other 
instancies it seems to be composed of a dark pi^uicntary 
material derived from some portion of the respiratory tract. 
This substance is doul)tless formed from the blood, as it is 
found in various organs quite unconnected with resjiiration. 
It is cxec^cdiugly common in many of the lymphatic glands, 
(‘specially in those near the bronchial tubes, and has been 
described by some observers under the head of ineluno^iis ; but 
there arc many instances in which this dark material is 
d(‘])osited unironnected with cancer, Avhence they have been 
included under the term spurious melanosis 

Calcareous Masses . — In cases of phthisis, gritty masses 
consisting of phosjdiatc and carbonate of lime are sometimes 
expectorated, 'lliesc are not unfreqiqjntly as large as a pea 
or larger. Thi‘y result from the disintegration of tubcriile, 
the organic j)ortiou of which has bi'cn removed by absorp- 
tion, and it is not uncomnjon to meet with them in post- 
mortems, inclosed in a small fibrous cyst, surrounded by 
lu*althy lung. Their expectoration is generally indicative of 
a favourabU' cdiangc in the progress of the disease. 

Fibrinous Casts of the large and small bronchial tubes are 
expe(‘torated in certain cases, of which instances are recorded 
in all standard works on Medicine. Under the microscope 
they are seen to be composed of a striated material like 
fibrin with a number of small faintly granular corpuscles.* 

• I'lie following? reforeiicos will be ii8t*ful to them* who tlesire to make a 8]>i!ciHl 
study of the mic*n)soopioal chanu'tors cfi* sputum : — 

Wright, “ The Pathology of Kxjxx'tonitioii.” — (Medical Times, 184t, 1 8*1*5.) 

Lebert, “ Traito do lu l^hthisio,’’ second cilitit»n, l*uris, 1843. 
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280 . Examination of Vomit. — As vomit usually contains a 
vast number of substances often separated from each other, 
it becomes necessary to examine several specimens taken 
from diflerent parts, in order to ascertain the general micro- 
scoj)ical characters of the whole mass. Portions may be 
removed upon the jioint of a knife; by the pipette, if tlu^ 
vomit be very fluid ; and with the aid of scissars and forceps, 
if it be very viscid, as in the case of sputum. 

\"onnt always contains fragments of vegetable and ani- 
mal tissues, w'hich have been taken ns food, more or kiss 
altered liy the j)roccsscs of digestion. Starch globules are 
usually met with in great numbers; but if sufficient time 
has l)cen allowed for the change to take ]>lacc, the mem- 
branous ])ortions of the starch granules will alone remain. 

Considerable attention has been given to the uppearanec 
jirescntcd by the uredo of wheat, as it occurs in vomit, 
and also in stools. In the time of the cholera, the undi- 
gested uredo I'ound in the stools Avas looked upon as a fungus 

I?onink, Diojyiiostiscbo iiiul l*atho«roni‘tis(‘lio lhitcrsu(*)ninp‘n,’* Berlin, 
3815. Dontsflie Klinik Sitzunfrsjirotokoll <ler (iesell.scliafl I’iir \Visst*iis(*liaftl, 
Metlecin in Berlin, voni 1 .luli, 1850. 

Seliroeder Van der Knlk, “ Nederlan<lseli., Ljincet,” IKIO, Snr la 
pn'sence des Fibres Klast.i(jiU‘.H dans les Craebats des FtbiHic{iu?s,'’ Bruxt‘llt‘s, 
1850. “ On the Origin and Formation of TulnTeles in tbe liun^s.*’- — (Neder- 

laiidseb. Laiart, 3id serie, 2 ride Jaar^, No. I. eii 11.) 

H(efb‘, ‘‘(!beniie und Mikroscop atn KniukunlM.‘tt Krlanji^en,” 1818. 

Jaeubovvitseli, tie Saliva, diss. Dorjmt, 3818. 

X'ircbow, “ V^'erbandlungtai dor Pbysikal. Mediein. (.tesellsebaft in \\"iir/- 
burg,” 2 Bd., Sitzinig. voin, 4 Jar., 1851. 

J>r. Black, ‘'Association Journal,” 1853. Tbicrfelder iiber Broiicbilis 
erouposa, Arebiv., fiir Pbysiol. Ilt*ilkiindc, 13 Jahrgang, 2 Heft. 1851. 

I)r. H. Tboinjison, l^ettsoiniaii Lcicturcs, 3851, “ Ijancct,” Feb. l ltb, 1857. 

Dr. Andrew Clarke, in “ Tmn.sactions of the J^atbologicnd Sfx'iety,” V'ol. vi., 
pagt? 71. 

Dr. llugbes Bennett, in “Edinburgh Monthly Journal,” January, 3856, 
page 585. “Clinieal Lectures on the PrinciphfS anti Practie4*of Medicine,” 1858. 

Dr. J. C^ Hall, “ Hint.s on tbe I’athology, Diiignosis, IVeventioii and Treat- 
ment of Thoracic Consumptitm.” — Longman, 1858. 

Dr, Baddy fie Hall, “ MtHlico-Cliirurgical lUwiew.” Vol, xv., page 477; 
Vol. xvi., page 465 ; Vt»l. xvii., page 449. 

Dr. U. I^. Cotton, “ Fothergillian Prize Essay.” 

Dr. Th. Williams, Article “ Kespirafiioii.** — (CyclofMedia of Anatomy and 
l\bsiology.) 

Dr. Anton Biermer, “ Die Lchrc voin Auswurf,” Wurzburg, 1855. 
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connected with the cause of this affection, but its true 
nature was pointed out hy Mr. Busk. 

Torulac are very frequently present in considerable num- 
bers in vomited matters; several other forms of vegetable 
fungi arc not unfrequently met with, and vibriones are often 
very abundant. The characters of the sarcina (fig. 4) will be 
described in the last chapter. The vomit which contains this 
vegetable organism usually ferments for some time after its 
rejection, like yeast, but the sarcina is occasionally found in 
vomit which does not jiosscss these characters. Besides the 
sannna, numerous oval fungi are usually present. 

Tlic colour of the so-called “coflec-ground vomit appears 
to be due to the presence of a dark-brown pigment in 
considerable quantity, forming small aggregations or minute 
granules which, probably consist of the altered colouring 
matter of the blood. Often a considerable number of blood 
globules, somewhat changed in form, arc present. In some 
spee.imcuis of cholera vomit, numerous flocculi, consisting 
partly of large i;ells of scaly epithelium, and partly of 
cylindrical epithelium from the intestines, have been found. 

The clear fluid which is brought up in certain cases 
(Pyrosis or Waterbrash) contains only a little epithelium, 
and a few small oil globules. 

The green vomit, depending upon the presence of bile, 
contains cylindrical epithelium (gall-bladder ?), scaly epithe- 
lium, flakes and small masses of biliary colouring matter, 
often of a very bright colour, and fat globules. 

In cases in which cancer of the stomach is suspected, 
the vomit should always be examined for cancer cells, 
although usually these will be so much broken down as 
not to be recognizable. TTie observer must be careful 
not to mistake cells of columnar epithelium for caucer 
cells. 

281. Examination of Matters passed by tbe Bowels. — The 

microscopical examination of the fseecs is in certain cases of 
considerable impcfrtancc. In dysentery, shreds of fibrinous 
matteT, blood corpuscles, pus globules, and cylindrical, as well 
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as squamous epithelium, are sometimes present. Cry stals of 
triple phosphate arc also often met with. 

In typhus stools, crystals of triple phosjihate arc fre- 
quently present in great number ; altered hlOod, and vast 
numbers of vibriones, with different kinds of vegetable fungi 
are not uncommonly found. 

The bodies represented in fig. 192, were obtained from 
the liquid stools of a girl aged eighteen, who was suftering 
from cough and fever. The oval masses are probably frag- 
ments of a clot of blood. The specimen was sent to me by 
iMr. 11. E. Thompson, of Cambridge.* 

Fig. 192. 



rt. Hnuiulcd innsecs of rjirlliy inuttfr, probably carbonate and pliosjiliate of lime. A. Cryatala 
of triple or junmoniaeo-insignesiun pbuspbule. r. 'Ovul fna88c>*, prolmbly frugmciitg of a clot. In 
one, to tiie left of tbe fitcure, the outline of the blood coriniaeleR is more ffstinct than in most, 
and ill U the individual corpuscles can be seen. ff. Dark amorphous niasses, probably derivial 
from the food. /. Ovum of an entozooii, probably an ascariB. ff. Small collection of blood 
corpuscles. 

The stools of cholera patients arc remarkable for the 
large quantity of cylindrical epithelium they frequently 
contain. In many instances the white fiocculi arc almost 
entirely composed of it. Sheaths of the villi are often found 
in great numbers quite entire, — perhaps forced off hy the 
violent contraction of the villus. Some observers have 
failed to discover these sheaths but I met with them myself in 
one of the first eases I ever saw, ?ind I have seen them several 


* “Archives of Medicine/* No. II., page 111. 



280 THE MICROSCOPE IN CLINICAL INVESTIGATION. 


times. In the majority of cases, however, they are not pre- 
sent. Undigested museular fibre, exhibiting the transverse 
strisc very beautifully, large crystals of triple phosphate and 
fragments of substances taken as food, are also generally 
met with. 

Mas.s(!s of vegetable confen-oid growths have occasionally 
been passed by the bowels, but such cases are not common ; 
one is mentioned by Dr. Farre, and another by Professor 
Bennett. 

Professor Qiickett and Mr. Brooke have met with some 
elastic fibres in the faeces, exhibiting the trauverse striae, 
which are normal in the fibres of the ligamentum nuchae of 
the giraffe. The transverse division depended probably upon 
incipient decomposition. The division is sometimes so 
distinct and complete as to have led to these fibres being 
mistaken for confervoid growths.* 

38S. niHcliaryre from the Uterus anil Tagrlna. — The character 
of those di-scharges varies very much. In subjecting them 
to microscopical examination, it is better to avoid the addi- 
tion of water or other fluid if possible. 

In uterine and vaginal discharges, the following sub- 
stances arc not unfrequently met with. Epithelium of the 
vagina, pus globules, blood corpuscles, small transparent oval 
or (drcidar granular cells, usually occurring in abundance in 
the mucus about the os and cervix uteri, and small oil glo- 
bulos.t The trichomonas vatfinee is referred to in page 308. 

Dr. Arthur Farre has shown that many of the mem- 
branous masses discharged in cases of dysraennorrheea con- 
sist of a lamina of epithelium from th» vagina. Sometimes 
the whole of the epithelial coat is shed entire, producing a 
east of that canal. Formerly these were supposed to hai'c 
had a uterine origin. J; 

* “ IVinoiplosi of Human Physiology,” Dr. Carpenter, fourth edition, 
pape 438, note. 

t l^pon the microscopical characters of Lencorrlia?al discharf^s, the 
Memoir of Dr. Tyler Smitli, in Vol. ±xxv. of the Medico-Cliirurgical Transac- 
tions/’ should he consulted. 

J “ Archives of Medicine,” No. II., page 71. 
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In cases of cancer of the uterus, we should expect to 
meet with cancer cells in the discharge, hut these are often 
so broken down as not to be distinguishable ; still, when this 
('ondition is suspected, the discharge and also the urine 
sliould be subjected to very careful and repeated micro- 
scojncal examination. In this investigation, the resemblance 
of the cells of columnar epithelium from the ureter, to 
spindle-sflapcd cancer cells, must be borne in mind, and the 
student must be careful not to mistake the former for the 
latter. In many ca.ses it is not difficult to remove a little of 
the softened cancerous matter upon the extremity of the 
si)ongc used in vaginal examinations, when there is a much 
bc'tter chance of meeting with entire cancer cells than in 
tlie urine. 

Pus. Tubercle. 

2S3. Examination of Pun.-— The microscopical examina- 
tion of jius is easily performed. When found in the secre- 
tions, the practitioner must not draw too hasty a conclusion 
with reference to the nature of the ease. Small (juantitit^s 
of pus may be present in certain secretions without the 
(ixistenec of any serious disease. 

I’us corpuscles become smaller upon being placed in 
saline solutions of greater specific gravity than the serum in 
which they float, in consequence of exosmose of part of their 
contents. The corpuscles of pus arc destroyed by the action 
of caustic alkalies, and converted into a tiiick glairy mass, 
which cannot be poured from the vessel containing it, in 
drops. Upon examining this glairy mass in the microscope, 
only a, few granules can be observed. Ammonia acts very 
slowly upon pus corpuscles, while the white and red blood 
corpuscles are instantly dissolved by it. In order to ascertain 
if blood contains pus, M. Donne adds a drop of ammonia to 
it, and examines it in the microscope. 

Water containing a trace of iodine in solution causes the 
pus globule to swell, and display's the central mass. 

The most characteristic reaction, however, is produced 
by the addition of acetic acid. This reagent, if not very 
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strong, causes the corpuscle to swell, so that it may become 
Fig. 193. nearly twice its previous diameter; the out- 
(Jv, “ line of the cell being very thin, but clear and 
Cj (jt) distinct, and from one to four little bodies 

arc developed in the centre (fig. 193 «). 
(iji These have a dark outline, are of rather an 

irregular form, highly refracting, but do not appear to be 
soluble in ether. 

Occasionally 1 have found pus cells in which the central 
contents were very dark, and slightly separated from the 
cell wall (fig. 191). Upon treating these with acetic acid, 
1 ' is. 194. the same reaction ensued (a). It 

• . ® ^ appeared as if the acid caused 

® the central mass to contract, pro- 

W ^ bably after dissolving part of its 

constituents. The central bodies have been termed nuclei, 
but they cannot be looked upon in the same light as the 
nuclei of cells generally. 

2H4. JMIcroHcoiiical f^liaracters of tbe Pus Globule, and of 
Uctectiuff It. — I must here ofter a few very brief observations 
upon detecting the pus corpuscle, and the inferences to be 
draw'n from its presence. 

When a small quantity of pus is placed betw'ccn glasses, 
and examined with a power of about two hundred diameters, 
numerous granular cells, larger than a blood globule, but 
with a circular outline and fiucly-tubcrculatcd surface, are 
noticed. The serum in which these cells float usually con- 
tains a few free fat globules. The cells above referred to 
have been considered as characteristic of *'pus,'' and much 
trouble was taken in the earlier days of microscopical 
research to assign definite characters to them, by wdiich they 
might be distinguished from the so-called “mucous corpuscle,” 
and other cells, which they much resemble. Such a distinc- 
tion, however, cannot invariably be made, for, in the first place, 
cells may be obtained which present various stages, appa- 
rently intermediate betw'ccn an ordinary epithelial cell and 
a pus globule ; secondly, cells agreeing in their microscopical 
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characters with the pus globule, arc not unfrcqiiently formed 
upon the surface of a mucous membrane, without its functions 
being seriously impaired, and certainly without the occur- 
rence of tliose preliminary changes which usually precede 
the formation of pus ; and, thirdly, cells are found in the 
lymph, in the blood, in the lymphatic glands, in the serous 
fluid in the interior of certain cysts, and in many otlicr 
situations, which in their size, form, and general appcaraiu^e, 
so mucli resemble the globules found in true pus, that it is 
quite impossible to assign characters by whicli they may be 
distinguished. The figures of these cells, as they appeared 
before and after treatment by acetic acid, often could not be 
distiiiguislu'd from the figures of pus cells, treated in a 
similar manner, given by the same authors. The so-called 
‘mucus corpuscle^ is nothing more tlian an impcTfectly 
formed epithelial cell, which is entangled in the transparent 
viscid mucus secreted hy the mucous membrane. 

Cases occur in which it apjiears almost useless to attempt 
to decide as to the presence or absence of pus, if only a lew 
globules are to be found (nor do 1 think tliat if such w ere 
possible, it would be of any advantage), because no cliaraetc^rs 
by which the globules can be distinguished individually liave 
been laid down. 

At the same time it must not be supposed that the diag- 
nosis of pus is a matter of secondary importance ; and all 
that is intended in introducing tliesc observations is to 
impress upon the student the importance of not stating tliat 
pus has been found in any iiarticular locality, or in any 
particular fluid, merely because a few cells having all the 
characters of a pus globule have been observed. To say that 
pus had been found in the blood,^^ or that “ the casts 
of the uriniferous tubes contained pus,^^ w ould lead to a very 
different inference from that derived from the observation 
that cells having all the characters of pus globules had 
been found in the blood,^^ or that the “ casts of the tubes 
contained cells resembling those of pus/^ The former will 
be true in extremely few cases ; the latter in a vast number 


IT 
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that fall under the observation of every practitioner. If, 
however, we find a considerable number of globules under 
the field of the microscope, of nearly uniform size, agreeing 
in general characters with the pus corpuscle, and upon the 
addition of acetic acid exhibiting the characteristic reaction, 
we shall seldom be wrong in calling them pus cells. 

In examining the blood in cases in which the white cor- 
puscles are enormously increased in number, there can be no 
difficulty in deciding, since we have every reason to believe 
that pus globules could not possibly exist in the blood under 
the same circumstances. 

2MS. Tubercle. — Specimens of tubercle should be taken 
from the lung itself. Not unfrequcntly tubercle is expec- 
torated in the sputum, but it is so mixed with pus and other 
substances, that its characters are not often readily distin- 
guisluid. When examined under the microscope, tubercle 
is seen to consisl^ of a great number of small particles, for 
the most part of an oval form. They vary somewhat in size 
and form, arc evidently solid, and have a granular appearance. 
The great majority of them contain nothing like a nucleus. 
Tlu'.y have been described as free nuclei, but I have never 
been able to satisfy myself that this view of their nature is 
correct. They become indistinct when immersed in gly- 
cerine, and arc rendered transparent by acetic acid. Much 
granular matter and many minute oil globules arc usually 
present. Tubercle corpuscles are about the l -2()00th of an 


Fig. 195. 

i-iit. u»r.. 
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Tuberch; corpuarlcs, from the interior of the eycbull of a child aged eight. 

Kciiioved by Mr. ilulme*, x 215. 

inch in their long diameter. Pus corpuscles and many of 
the cells described under “ Sputum,’^ are usually present with 
tubercle. Tubercle corpuscles cannot be regarded as the 
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essential characteristic elements of this exudation, for tlicy 
are not always to be made out in structures which arc 
evidently tubercular. It is probable that they consist merely 
of small masses of the exudation itself, and doubtful if they 
possess powers of growth or multiplication. Many appear- 
ances lead to the inference that they result merely from 
the breaking up of the tubercular deposit. Very different 
opinions as to the nature of the tubercle corpuscle are held 
by various authorities. Schroeder van der Kolk considers 
that tubercle results from a change taking place in the 
ordinary epithelium of the pulmonary air cells, and this 
opinion is entertained in a more or less modified form by a 
great number of obscu’vcrs.* Of the ('xistcnce, however, 
of this epithelium in health there is much dificrence of 
opinion (page 199). In some cases, where the disintegration 
of tlic lung tissue has not j)rocecded to a very great extent, 
tubercle corpuscles may be detected in the sputum. 

For the opportunity of examining many interesting speci- 
mens of sputum in phthisis, 1 have to thank many friends, 
especially Dr. Scott Alison, of the Consumptive Hospital. 

* On this snbjeot consult the ])apcrs of Dr. Knch'l^vnV' Hull, l>r. Thompson, 
Dr. Aiiilrcw Clurke, and others, referred to iu the note ou j)aj^e 2811. 
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CHAPTER IX. 

On Urine, Urinary Deposits, and Calculi. — CoUectivy 
Urine for Microscopwal Examination. — On Examininy 
Urinary DepoKits in the Microscope. — Chemical Examina- 
tion of Urinary Dej)Osits. — Extraneous Substances met 
WITH in Urine. — Of Urinary Deposits. — Mucvs . — 
Vibrioncs. — Toruhe. — Penicillium Glaucum. — Suyar 
Funyus. — Epithelium. — Spermatozoa. — Coasts of the 
Urinif crons Tubes ; of Medium Diameter ; of Considerable 
Diameter ; of Small Diameter. — Fat Cells. — Conditions in 
trhich Fatty Matter ocairs in Urine. — Fus. — Earthy 
Phosphates. — Urates. — Uric Acid. — Oxalate of Lime . — 
Dumb-bells. — Triple Phosjihate. — Cystine. — Carbonate 
of Lime. — Blood Corpuscles. — Larye Oryanic Globules. 
— Small Oryanic Globules . — Urinary Calculi. — For- 
mation of Calculi. — On the preservation of Urinary 
Deposits j in the Dry Way ; in Canada Balsam ; in 
Aqueous Solutions. 

It is not compatible with the objects of tliis work to do 
more than give a very short summary of the microscopical 
characters of the principal urinary deposits, and describe 
the mode of collecting them and the plans adapted for their 
preservation. The microscopical and chemical characters 
of the constituents of urine, urinary deposits, and calculi, 
have been fully described in other works,* to which the 
reader is referred for more complete information. In the 

« 

* ‘'Illustrations of Urine, Urinary Deposits, and Calculi,*’ containing* 
upwards of 170 separate figures and woodcuts, 1858. " Tables for the 

Kxaniinatioii of Urine.” 



THE MICROSCOPE IN CLINICAL INVESTIGATION. 293 

present chapter, therefore, drawings only of those deposits 
which more frequently come under the notice of the prac- 
titioner will be given. 

The microscopical examination of the urine has of late 
years become a subject of such great importance, and the 
advantages derived from it so generally admitted, that 1 
need scarcely refer to its value, in assisting us to form a 
diagnosis in many cases of disease. Within the last fifteen or 
twenty years, the investigation of urinary deposits has been 
so much simplified by the conjoint use of the microscope and 
chemical analysis, that the nature of the greater number of 
deposits has been correctly ascertained. The investigations 
of Dr. Prout, followed by those of Drs. Golding Bird, Bence 
Jones, Christison, Owen Rees, Johnson, and many others, 
have shown the inii)ortancc of the examination of the urine 
in disease, and the advantages derived from such an examina- 
tion with reference to diagnosis and treatment. 

By frequent examination of different specimens of urine, 
the student will soon become familiar with most of the 
deposits he is likely to find. At first, however. In; must be 
prcipared to encounter serious difficulties, the nature of some 
of which it is desirable to consider here. 

In some specimens of urine which he examines, he is 
perhaps surprised to discover no deposit whatever, whilst in 
examining others, the whole field of the microscope is occu- 
pied by substances of various shapes and colours, the nature 
of which he is unable to ascertain by reference to works on 
the subject. Many of the substances, the presence of which 
leads to this difficulty, have obtained entrance into the urine 
accidentally. Portions of hair have been mistaken for casts 
of the renal tubes, starch granules for cells ; and other sub- 
stances of extraneous origin, such as small portions of woody 
fibre, pieces of feathers, wool, cotton, &c., often take the 
form of some of the urinary deposits, and to a certain extent 
resemble the drawings of theiq in their general appearance, 
so as to mislead the student in his inferences, and retard his 
progress in the investigation. For the more minute chemical 
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and microscopical examination, the works enumerated in the 
note will he found useful.* 

In the arrangement of this portion of the work, the 
prineiple followed throughout, namely, that of supposing 
the student actually engaged in working at that jiart of the 
subject under discussion, has been adhered to as far as 
possible. 

2811 . Collecttnic Urine for JVIlcroMcopIcal Examination. — 

Urine, which is to he submitted to examination, should be 
collected in considerable quantity, in order to obtain sufficient 
of the deposit for examination. In many instances the 
amount of sediment, even from a pint of urine, is so small 
that, without great care in collecting, it may be altogether 
passed over. The amount of deposit from a measured 
quantity of urine should always be roughly noted. The 
space occupied by the deposit may be com])arcd with the 
total hulk of the fluid, and wc may say the deposit occujnes 
a fifth, a fourth, half the bulk of the urine, &c. 

Bottles used for carrying specimens of urine should be 
made of white glass, with tolerably wide mouths, and ca])ablc 
of holding at least four ounees ; but, if the sediment only 
of the uriiu^ is required, the clear supernatant fluid may he 
]ioured off, after the urine has been allowed to stand for 
several hours, and the remaining deposit may then be poured 
into small bottles of an ounce capacity, or even less. The 
only objection to this latter mode of collecting urine is, that 
no idea of the amount of sediment deposited by a given 
quantity of urine can be formed. The bottles may be 
arranged in a case cajiablc of containing tn’o, four, or six. 

Sttl. Importaiirc of Examlninfc the (Trine soon after It lias 
been Passed, and also at a later period. — In all cases the urine 
should, if possible, be examined within a few hours after its 
seerction, and, in many instances, it is important to institute 

• “tJrinnrj- DcjKMiits,” by I>r.,Goldinp Birtl, fifth wlition, by 

Dr. Birkett. “ Manual of Medical Chemistry,” by .1. E. Bowman. ” Tablps 
for the Examination of Urine.” “ Illustrations of ITrine, llrinnrv Deposits 
and Calculi,” Dr. Beale. 
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a second examination after it has been allowed to stand for 
twenty-four hours or longer. Some specimens of urine pass 
into decomposition within a very short time after they have 
escaped from the bladder ; or the urine may even be draxvn 
from the bladder actually decomposed. Under these cir- 
cumstances we should expect to find the secretion highly 
alkaline, having a strongly ammoniacal odour, and contain- 
ing crystals of triple phosphate, with granules of earthy 
phosphate ; and upon carefully focussing, numerous vibriones 
may generally be observed. In other instances, the urine 
does not appear to undergo decomposition for a considcralilc 
period, and may be found clear, and without any deposit for 
a daj' or two, or even longer, after it has been passed. 

In those cases in which uric acid or oxalate of lime arc 
present, wc shall find that the deposit increases in quantity 
after the urine has stood for some time. These salts arc fre- 
quently not discoverable in urine immediately after it is 
passed, hut make their appearance in the course of a few 
hours. The deposition of uric acid seems to depend uj)on a 
kind of acid fermentation, which has been the subject of 
some beautiful investigations by Scherer. 

In order to obtain sufficient of the deposit from a speci- 
men of urine for microscopical examination, wc must place a 
certain quantity of the fluid in a conical glass, in which it 
must he permitted to remain for a sufficient time to allow 
the deposit to subside into the lower part (§ 104). 

288. Maenlfylns Powers required In the Kxamlnation of the 
iTrine. — Urinary deposits often require to be examined with 
different magnifying powers, those which are most frequently 
used being the inch and the quarter of an inch. The former 
magnifies about 40 diameters ( x 40), the latter from 200 to 
220 ( X 200, X 220). Large crystals of uric acicl are often 
readily distinguished by the former, but crystals of this sub- 
stance are sometimes so minute that it is absolutely necessary 
to use high powers. Octohedr^ of oxalate of lime arc fre- 
quently so small that they cannot be seen with any power 
lower than a quarter ; and, in order to bring out the form 
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of the crystals, even higher magnifying powers than this are 
sometimes necessary. Spermatozoa may be seen with a 
quarter, but they then appear very minute. In these cases, 
an eighth of an inch object-glass, which magnifies about 400 
diameters ( x 400), will be of advantage. The casts of the 
tuliea, epithelium, and the great majority of urinary deposits 
eaii, however, be very satisfactorily demonstrated with a 
(juartcr of an inch object-glass. 

In some cases, it will be well to subject the deposit to 
examination in various fluids, such as water, spirit, mucilage, 
turpentine, Canada balsam, &c. (§ 74). 

2NO. Importance of tlie Chemical Examination of tirlnary 
neposits. — In the investigation of those deposits Avhich are 
prone to assume very various and widcly-diflcrcnt forms, 
such as uric acid, it will sometimes be necessary to apply 
some simjdc chemical tests, before the nature of the sub- 
stance under examination can be positively ascertained. 

Su])pos(r, for instance, a deposit which is found, upon 
microscopical examination, not to j)osscss any characteristic 
form, be suspected to consist of uric acid, or of an alkaline 
urate, we have oidy to add a drop of solution of potash, 
which would dissolve it, and then excess of acetic acid, when 
the crystals of uric acid will be deposited after some time in 
their well-knowni rhomboidal form ; or any other chemical 
tests which should be considered necessary (§> 1 10) may be 
applied.* 

When it is necessary to resort to chemical reagents, a 
droj) of the test solution is to be added to the deposit Avhich 
is placed in the cell, or u])on the glass slide. If necessary, 
heat may be applied to the slip of glass by a sj)irit-lamp, and, 
with a little practice, the student w'ill soon be able to perforin 
a qualitative analysis of a few drops of urine, or of a verj' 
small portion of a deposit. 

2!>0. Examination «tf the Deposit In the Microscope. — The 

drop of urine with the deposit, removed by the pipette, being 


* “ Tallies for tlic Examhintiun of Urine.” 
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now inclosed in one or other form of cell (§§ 108, 100), 
various parts of the specimen are to be brought into the field 
of the microscope. It is better to examine the object as 
regularly as possible, commencing on one side, and moving 
it up and down, until the whole has been traversed. After 
one specimen has been examined, and the nature of its 
contents noted, another may be treated in a similar manner. 
Specimens should be taken from the deposit at different 
levels, for while some deposits soon sink to the bottom, 
otlicra arc buoyed up, as it were, either by the small quan- 
tity of mucus which the urine contains, as is the case with 
small crystals of oxalate of lime, or by the floeculent nature 
of the deposit itself. 

As each part of the deposit is brought under the field 
of the microscope, the student should endeavour to recognize 
every object as it passes under view. This, however, will for 
some time be found a matter of considerable difiicnlty, arising 
partly :l^om the great number of deposits wdiich commonly 
occur together, partly from the very various forms which 
many of these substances arc liable to assume, but chiclly, 
I believe, from the great number of substances of accidental 
j)reseuce which are found in almost every specimen of urine 
subjected to examination ; especially in urine obtained from 
the wards of a hospital, upon which the first microscopical 
observations of the student are usually made. 

201. Matters of Extraneous Origin frcquentljr met with in 

Urine. — The substances named in the following list are 
among those which are very constantly met with amongst 
urinary deposits, and their general characters are rei)rcscnted 
in figs. 197, 198, 199. 

Extraneous Substances. 

Fragments of human hair. 

Cat's hair. 

Hair from blankets, of various colours. 

Portions of feathers. 

Fibres of worsted, of various colours. 
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Fibres of cotton, of various colours. 

Fibres of flax. 

Potato starch. 

Rice starch. 

Wheat starch, bread crumbs. 

Fragments of tea leaves, or separated spiral vessels and 
cellular tissue. 

Fibres of coniferous or other wood swept off the floor. 

Particles of sand. 

Oily matter, in distinct globules, arising from the use 
of an oiled catheter, or from the accidental presence of milk 
or butter. 

Besides the above, there are many other substances met 
with less frequently, as for instance, fragments of silk, 
mustard flour, cheese, small portions of the skin of ])otato, 
or of different kinds of fruit, and many others whieh will 
oceur to the mind of every one. With the microscopical 
characters of these bodies, the student should be perfectly 
familiar as soon as possible; and, as they can be ot)tained 
without the slightest difficulty, this is easily effected. W^ith- 
out tliis precaution, he will find himself in constant difficulty, 
and his ignorance will cause him to make the most ludicrous 
mistakes. 

The origin of most of these substances is obvious. Some 
of them become slightly altered by being allowed to stand in 
the urine. 

Fibres of Deal from the Floor . — The only matter of 
extraneous origin which requires to be particularly noticed, 
is one which may very easily be mistaken, and, indeed, 
frequently has been, for tube casts. The substance to which 
I refer consists of the delicate fibres of coniferous wood which 
arc swept off the deal floor, and thus get into the urine, 
fig. 197. The fibres become soft and swollen by soaking, 
and may easily be mistaken for casts. The round pores 
w'hich they contain much resemble epithelial cells. These 
bodies, of eoursc, will only be met w’ith when the floor 
is of deal and often swept. I have found them in very 
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Extraneous sulistaiices not uiifrequeiitly met witii mnonj; urinary deposits. 

Fig. 197. — Fibres of eoniferous wood, showing the peculiar pores. These? are small fragiiiciits 
of deaf wood swept from the floor. They may very easily be mistaken for casts, and the pores 
are not unlike epithelial cells. 

Fig. 19 S.'— Glol)uleB of potato starch. 

Fig. 199. a. Fragments of human hair. b. Cat’s hair. e. Hair from blanket, d. Fibres 

of flax. e. Fibres of cotton. Tlu^se as well as worsted iSbres are often coloured. /. Fragments 
of tea leaves, showing cells and 8])iral vessels, a. Portions of feathers, h. Bread crumbs, 
showing wheat starch partly altered by baking and maceration, i. Free oil globules, consisting 
of small particles of butter. All x 215. 
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many specimens of urine obtained from King’s College 
Hospital.* 

It is impossible, as a general pde, to prevent the chance 
of matters falling accidentally into the nrine. In wards of 
hospitals, where the floors are constantly swept, the dis- 
advantage is greatly increased, and much inconvenience 
arising from the j)rc8ence of extraneous matters would be 
prevented if each vessel were provided with a light simple 
eover. For further remarks on the subject of extraneous 
matters in the urine, the reader is referred to the “ Micro- 
s(ioi)ical Journal,” No. II. 

Substances of various kinds are not unfrequently added 
to the urine for the purpose of deeeiving the practitioner. 
With this view, hysterical patHIbts sometimes try to impose 
upon and excite the commiseration of the physician by 
adtling flour, sand, brickdust, and other powders to the urine. 
Milk is very commonly added. Such a specimen is very 
easily distinguished from the chylous urine by the presence 
of the numerous oil globules. This point has been already 
noticed in page 140. 

In one case which came under the notice of my friend 
Dr. Stewart, jeweller’s rouge (scsquio.xidc of iron) had been 
added to the urine. The man had been to several of the 
metropolitan hospitals and imposed upon the physicians, but 
at last Dr. Stewart was able to ascertain the nature of the 
peendiar red brown deposit.t 

Of Ubinaet Deposits. 

2I»2. Arraiiircnicnt of tirlnary Deposits. — The following 
arrangement of urinary deposits is based simply upon the 
appearance which the deposit assumes when examined by 
the unaided eye. Although such an arrangement is purely 
artificial, it will serve to associate, in the student’s mind, the 
general appearances which different deposits usually assume, 

• 

* “ On the Cliaracters of Extraneous Matters/’ see also Plates I., II., Ill, 
in “ Illustrations of Urine, Urinary ]>e])osits, and Calculi.” 
t “ Microscopical Journal,” No. II., jwge 93. 
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with their microscopical characters. The proposed arrange- 
ment has no reference to their chemical nature, microscopical 
characters, origin, or importance in diagnosis. That it has 
some practical advantages will, I think, be admitted ; but it is 
not to be considered in the light of a scientific classification. 

Upon taking a superficial glance at the more common 
forms of urinary deposits, it will be noticed that while some 
arc transparent, light, and flocculent, others present the con- 
verse of these characters ; on the other hand, there are several 
granular or crystalline substances which form a small dense 
sediment which sinks to the bottom of the vessel, leaving u 
l)crfectly clear supernatant fluid. Deposits will, therefore, 
be divided into three classes, according to the general cha- 
racters wdiich they exhibit to the unaided eye. 

1. Light and Flocculent Deposits, usually Transparent, and 
occupying considerable Volume. — Mucus, with epithelium of 
diftcrent characters, spermatozoa, vibriones, certain forms 
of fungi, various forms of casts of the uriniferous tub(;s, and 
tiertain matters of extraneous origin. 

2. Dense and Opaque Deposits, occupying considerable bulk. 
— Urate of soda, pus, phosphates, and certain matters of 
extraneous origin. 

3. Granular or Crystalline Deposits, occupying a small bulk, 
sinking to the bottom, or deposited upon the sides of the vessel. 
— liric acid, oxalate of lime, small quantities of triple phos- 
phate, cystine, carbonate of lime, blood eorpusclcs, &c., with 
matters of extraneous origin.* 

First Class of Urinary Deposits. 

203. Mucus. — If healthy urine be allowed to stand for a 
few hours after it has been passed, a bulky, flocculent, and 
very transparent cloud will be deposited towards the lower 
part. Upon examining this in the microscope, a few deli- 
cately-granular cells, rather larger than a blood corpuscle, 
will be observed sparingly scattered through a cledr and 


* “Tables for the Examination of Urine,” Dem. iv., page 12. 
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perfectly transparent substance, in vvliicli only a few minute 
granular points can be detected. A few cells of epithelium 
from the bladder, or from some other part of the urinary 
mucous membrane, arc not unfrequently met with. Nothing 
more is observed in examining healthy mucus in urine. In 
some diseases, however, this mucus increases in quantity, and 
forms a thick transj)arent deposit, containing numerous cells 
similar to tliosc above referred to, with much epithelium, the 
character of which dejicnds upon the particular part of the 
mucous membrane aflcctcd. Fig. 200 represents the general 
apj)(!Jirancc of mucus found in urine. In the upper part of 
the figure is represented a cell of bladder epithelium. 

A very thick, glairy, gelatinous deposit, which is fre- 
quently found in the urine in cases of disease of the bladder, 
must not be mistaken for mucus. This con- 
sists of pus altered by the action of carbonate 
of ammonia which has been set free in con- 
sequc'iice of the decomposition of the urea by 
the mucus or some other animal matter acting 
upon it us a ferment, after it has left the 
bladder. In some cases this change even com- 
mences in the bladder itself, and its expulsion 
is often a matter of the greatest difficulty. 
Urine of this kind exhibits a highly alkaline 
reaction, evolves an ammoniacal odour, and 
frecpicutly contains a considerable deposit of 
crystals of the triple or ainmoniaco-magncsian phosphate, 
with granules of phosphate of lime. Liquor ammonia and 
potash exert a similar change upon pus out of the body. 

The mucus which is deposited from many specimens of 
urine, often contains a great number of octohedral crystals 
of oxalate of lime, frequently so very minute as to appear, 
under a power of 200 diameters, like a number of dark 
square-shaped spots. Their crystalline form may be demon- 
strated hy the use of a higher power, but they may be 
recognized with certainty wdtli a little practice, as their square 
shape presents a characteristic appearance which soon becomes 


Fig. 2IM). 
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familiar to the eye. They are insoluble ki a solution of 
potash, and also in strong acetic acid. These crystals arc 
commonly not deposited until after the urine has left the 
bladder, and if it be allowed to stand for a longer period, 
they frecpicntly undergo a great increase in size. Upon 
examination, fragments of hair, small portions of cotton 
fibre, and other substances of accidental presence, are not 
unfrcqiiently encrusted with these minute crystals. 

204. viiirfoiies. — After mucus has been allowed to stand 


for some time in urine, numerous vibriones arc developed in 
it. Tlicsc vegetable organisms arc seen Fig. sni. 


as minute lines under the microscope, 
and they undergo very active movements; 
the longer ones twisting about in a ser- 




pentine manner. They arc sometimes 
dcv(doped in mine before it has left the 
bladder, and always occur in decomposing 


Vrg«‘<al)lc orgniiisniH iiii’t 
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urine. Fig. 2016, represents the appearance of some of the 


commonest vibriones met with in urine. The ^^Trichomonas 


Vagina?, discovered by Donne, is said to be found some- 
times ill the urine of women suffering from leucorrhoca. Its 
characters are described in § 291). 

2i>s. ToruicL'. — C^ertain forms of vegetable fungi or torula? 
are developed in urine after it has been standing some time. 


I'ig. 20;!. 


Fig. SOS. 



a 


Penicillium ghiucurn in diiTerent Sugar fungus in various stages of growth, 

stages of (h;vclojjmcut. From acid a. Thallus. After Dr. 11 assail, 

urine, x 4o:i. 

The period which elapses before the appearance of the fungi. 
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and the particular species which is developed, vary much iu 
diiferent specimens of urine, and in different cases of disease. 
In diabetes, torulae are often developed in quantity very soon 
(within a few hours) after the urine has been passed ; and 
their growth at this early period loads the observer to suspect 
the presence of sugar, which must be confirmed by the 
ai>plication of chemical tests.* 

Fig. 201a, repr(!scnts sporulcs of fungi of three different 
characters. Fig. 202 shows the appearance of fungi often 
developed in urine. All these were found in acid urine, and 
uric acid was present in the specimen which contained the 
fungi rcprescnt(!d in the two low'er drawings. 

200. Peiiicllllum (lilaueuin. Su^ar Vunaus. — Dr. 11 assail 
has communicated a most interesting pa])cr upon the develop- 
ment of torulaj in the urine, to the Mcdico-Chirurgical 
Society, which will be found in the volume of Transaetions 
for 1 8.^)3. Dr. llassall arrives at the conclusion that there 
is a species of fungus which is developed in siiecimeus of 
urine, containing even very minute traces of sugar, ivhich 
may be looked upon as characteristic of the presence of 
this substance, as it occurs in no other condition of the 
urine. This is the sugar fungus, which is represented in 
different stages of growth in fig. 203. The sugar fungus in 
diabetic urine is identical with the yeast plant. The s])orule 
state is represented in the upper part of the figure, and at a 
is shown the tliallus of the sugar fungus. 

Besides the sugar fungus, how'ever, there is another 
species which is very commonly met Avith in acid urine con- 
taining albumen, if exposed to the air. This is the PeniciUiuni 
gtaucum, the same fungus which is developed in the lactic 
acid fermentation. This species is represented iu different 
stages of growth in figs. 201a, 202, 204, 205. 

The microscopical characters of the fungi in different 
specimens of urine vary considerably; but, according to the 
observations of Dr. llassall, these differences depend not 


* Tables for the Examination of Urine. 
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upon the existence of several distinct species of plants, but 
rather upon the stage of development which the fungus has 
reached. Thus, in some specimens of urine, the growth 
of the fungus is arrested at the sporidc stage (fig. 20ii), in 
another not until a thallus (figs. 201-, 205) is formed, and in a 


Fit'. 2t)<- Pis- 20.">. 



rfiiinllitini o-hiiifinii, from 
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tliird it goes on until arid fructification takes place, and new 
sjiorcs are di^vdoped. The degree of acidity of the urine, 
and the length oi‘ time during m liich it lias been (\x}K)sed to 
the air, ajipear to determine, in great measure, the stage 
of developincnt which tlie fungus attains. 

Tlic jienieillium glaueum, as wcW as tlu^ sugar fungus, 
may he met M'ith in saccharine urine, liecause all tlie iiect‘s- 
sary conditions for its development may Ik! jirciscnt, namely, 
exposure to air, an acid liquid, and a ec^rtaiii quantity of 
nitrogenous matter; but the sugar fungus is found only in 
those specimens of urine in wliidi to these threes conditions 
is addc*d a fourth, viz., the presence of sugar.* 

sarciiui;. — TliCisc vegetable organisms, not uncommon in 
the matters rejected, in certain cases of obstinate vomiting, 
are occasionally met witli in urine. The specimens o(JCurriiig 
in this fluid are usually more minute than tliose obtained 
from vomit. The characters of sarcinai are described in 
chapter xi. 

200. ISiiitliellitiii of the Geiilto«urliiary l*aKMap:eH. — The 

forms of epithelium which ma^^ occur in urine arc very 

* Oil tlui cljaractcT.s of fanj^i met witli in urine, we “ Illustrations,^' 
Plato XIX. 


X 
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numerous^ as the characters of the cells differ very much in 
different parts of the genito-urinary mucous membrane. 

The specimens represented in figs. 206 and 207 were 
carefully removed from the mucous membrane of the urinary 




A. Kpitlicliiim from llir convoluted portion of the uriniformis tiihrs. a. Trciiiod with acetic 
acid. It. Kpitlielium Iroin tlu' pelvis of the kidney. C. Mpitlieliuni from t]»e ureter. I). Kpillie- 
lium from the hladder. a. liar{;e cells from the trigone, b. Culutnuar cells Imiiijii: mucous 
follicles, r. Cells from the fundus, x 21 5. 

])a8sages of a male subject, with the exception of the cells 
marked c in D, which were found in urine. 

Kidney . — Convoluted Portion of the Tubes. — The epithe- 
lium is of the vai’icty terincd glandular, or secreting epithe- 
lium, and forms a single thick layer of cells upon the 
basement membrane. The (diaracters of this variety of 
cj>itheliura have been described in page 219. 

Straiyht Portion. — The epithelium is flatter, and ap- 
proaches more nearly to the scaly variety. It forms a thin 
layer on the surface of the basement membrane. 

• Petri.>i of the Kidney. — The ci)ithclium consists of flat 
thin scales, which are united together at the edges without 
ovcrla])j)ing each other. This is termed tessellated epithe- 
lium, fig. 20611. 

Ureter. — The epithelium is very abundant, and of the 
columnar or cylindrical form. The nucleus is usually large 
and distinct, fig. 206 C. 

Bladder. — The epithelium of the bladder differs much 
in difl'erent parts. In the fundus there is much columnar 
ci)ithclium mix('d with the large oval cells figured in D j — 
whereas, in that part termed the trigone, the large flattened 
cells, with a very distinct nucleus and nucleolus are most 
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abundant. The columnar epithelium, b D, appears to line 
the mucous follicles, while the scaly lies on the surface of the 
mucous membrane between them. 

Urethra . — The epithelial cells of the urethra, fig. 207, 
arc, for the most part, of the columnar form, but mixed with 


I’ig. 207. Fig. 208. 



CoUb from tlic urethra, x 215. Healthy vaginal epiilicliuin, x 215. 

this there is also a good deal of scaly epithelium. Towards 
the orifice, the epithelium is almost entirely of the scaly 
variety. 

Vagina , — The large cells of scaly epithelium, so com- 
monly met with in the urine of females, and derived from 
the vagina, arc represented in fig. 208. They vary, however, 
much in size and form, and are sometimes very irregular 
in shape, with uneven ragged edges. 

20». SipcHiiatozoa. — The urine should be examined for 
spermatozoa as soon as possible after it has been passed, as 
they very rapidly become destroyed. They may be readily 
detected with a power of about 200 diameters (fig, 209), 
if the eye is familiar with their appearance ; but to demon- 
stratc them to persons who have not seen them before, it is 
better to employ a power of from 300 to 400 diameters. 

The detection of spermatozoa in the vaginal mucus in 
cases of suspected rape, is of immense importance. This is 
one of the cases in which the practical utility of the micro- 
scope is quite unquestioned. The mucus may even be dried 
and remoistened without destroying the forms of the sperma- 
tozoa.* 

* For discs sec ‘‘Archives of Medicine/* No. I., pa^c No. 11., page 139. 

, X 2 
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Tlie occasional presence of spermatozoa in the urine is 
not inconsistent witli perfect health. It is only when their 
appearance is constant and accompanied with other more 
imi)ortaut symptoms that the practitioner is justified in 
interfin’ing. We must always exercise the greatest caution 
Pig. 2 (H». ill these cases, for the mere allusion to the 
condition has done more harm to the patient’s 
mind, than (;an he counterbalanced by the good 
produced by medical treatment. The occasional 
])rcsenee of spermatozoa in urine must not 
siunnaioz(.:i from bc lookcd upou, iu itsclf, as cvidcnce of the 
uniic, A existence of that condition, to whicli the name 

of spcnimtfyrrhma has been apjdied, — a term which I am 
sorry to put into print at all ; for I doubt if any single word 
has b(3(m productive of more unutterable misery than this; 
indeed, it would bc well if wo could abolish it altogether. 
Instead of making use of it, we should b(; more correct if we 
said that the [latient w as suflering from such and such 
symptoms associatcid with the jirescajcc of s})crmatozoa iu the 
urine.” In the majority of eases in which this ill-chosen 
word is used, it excites the most terrible alarm in the patient^s 
mind, from which, perhaps, he does not recover for years, 
wbili3 in the sense in Avhicli it is used by many practitioners, 
it only means that spermatozoa have been found in his urine, 
as indeed they occasionally are in the urine of almost every 
young healthy man. 

The only bodies at all liable to be mistaken for sperma- 
tozoa that I have ever seen, are a form of vegetable grow th 
w hich I have only once met witli, iu a siieciinen of urine 
kindly sent to me by my friend ISIr. Masters, of l^cckham 
Hyc. jNIr. C. Roberts, of St. George^s Hospital, has taken 
very careful notes of the case. Some of the bodies in ques- 
tion very closely resembled spermatozoa, but their true nature 
was ascertained by noticing the characters of many other 
specimens of the vegetable^, growth. These are figured in 
No. HI. of the Archives,” where also will be found an 
account of the case. 
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290. Trichomonas vafrinec. — Donnc observed some rounded 
cells with vibratile filaments projecting from them in the 
urine of females suffering from leucorrhoca, and considered 
them as animalcules. The name. Trichomonas Vagincp^ was 
applied to them, but subsequent authorities have not been 
able to confirm M. Donne^s observation. Glugc, A^alcntin, 
Siebold, and ^"oge], consider the so-called trichomonas vayinte 
to be merely a cell of ciliated epithelium from the uterus. 
Kdlliker and Scanzoni have found the tricliomonas in the 
vaginal mucus, botli of impregnated and unimpregnated 
women.* I have never seen cells in any eases at all resem- 
bling M. Donne^s figure.' 

Casts of Tirr UitixiFEitous Ti in:s. 

This forms to the practitioner a most important and 
interesting class of urinary deposits, and one to which, until 
lately, very little attention luis been paid, '^llie microscopical 
characters of casts, in different forms of kidney disease, 
particularly Avith reference to the diagnosis of pathological 
changes taking pla(;e in the organ, liavc been investigated 
chiefly by T)r. Johnson, to whom we are indcbttjd for much 
that we know upon this sulijcjct. 

The microscoj)ical characters of the forms of casts most 
commonly met with in urine Avill alone be referred to here ; 
and for a full description of the characters of the urine in 
Avhich they occur, and their pathological interpretation, I 
must refer to Dr. Johnson^ s work.f 

No conclusion can be based upon the j)r(‘senee of one 
or tAvo casts of a particular kind, but it is to tlie general 
characters of the deposit avc must direct our attention. 
Thus avc may find in the deposit from the urine in acute 
cases which completely, and may be very rapidly, recover, 
one or two cells containing oil, and one or two casts contain- 

* Scanzoni “ neitrii^o zur Golmi’tskundc,” Band II. 

t “On Diseases of the Kidney,*’ by CJ. Johnson. Papers in the ^‘Medico- 
Chirurgical Transactions,” A'ols. xxix., xxx. lieferenee may also })e mmlo 
to Frericli’s work “ Die Brightsche Nierenkrankheit und deren Bfdiandlung, 
Brannsehwclg.” 
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ing a few oil globules. Now, we must not, from the presence 
of these, be led into the error of concluding that the case is 
one of fatty degeneration of the kidney } but if there were 
numerous cells and casts containing oil, such an inference 
would undoubtedly be correct. We must not, therefore, 
expect to find in one case epithelial casts alone, in another 
grani:^ar casts alone, in a third fatty casts alone, in a fourth 
none but large waxy casts, and so on ; but we must be pre- 
])arcd to meet with several varieties in one case, and must 
ground our ojiiiiion, in great measure, upon the relative 
number of any particular kind of east, and upon the cir- 
cumstance of other deposits being associated with the casts. 
For instance, the presence of uric acid crystals and blood 
corpuscles would render it very probable that the case was 
acute, and of short duration. The absence of these deposits, 
and the j)rcscncc of a number of granular or perfectly trans- 
parent casts, which can only be seen when the greater part 
of the light is cut off from the field of the microscope, or 
the existence of a number of oil casts, render it certain that 
the case is chronic. The former would indicate that the 
kidney was becoming small and contracted, while the latter 
variety of casts occur when it is often of large size and fatty. 
Such cxamjdcs might be multiplied. When we consider how 
very numerous the secreting tubes of the kidney are, we 
cannot feel surprised that a diflerent condition shoidd exist 
in different tubes at the same time, — and from observ'ations 
on careful ])ost mortem examinations, we know that very 
different morbid appearances are often seen in different parts 
of the cortical j)ortion of one kidney. It is not difficult, 
therefore, to account for the fact of the presence of casts 
differing much in their diameter and characters in the same 
specimen of urine. 

A cast consists of a mould of a xuriniferous tube, and is 
formed of some transparent albuminous material which is 
poured out into the canal, and there becomes firm, entangling 
in its meshes whatever may be in the tube at the time of its 
effusion. The cast varies in diameter with that of the central 
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canal ; but probably, after its formation, it contracts slightly, 
and in' consequence, it readily passes from the tube and 
escapes into the urine. If the epithelial layer, on the basc- 
lucnt membrane of the tube be of its ordinary thickness, wc 
shall have a cast of medium size. If the cells be enlarged, 
and adhere firmly to the basement membrane, the cast will 
be fine and narrow ; while, on the other hand, if the tubes 
be entirely stripped of epithelium, the basement membrane 
alone remaining, the diameter of the cast will be consider- 
able. In describing the different varieties of casts, it will be 
conveuient to divide them into three classes, according to 
their diameter. 

Drawings of the various forms of casts Avill be found in 
“ Illustrations of Urine, Urinary Deposits, and Calculi,'* 
Plates XIV., XV., XVI., XVII., and XVllI., but a few 
of the most imi)ortant have been repeated here to make the 
tc.\t clearer. The manner in which casts are formed is 
described in the explanation of the anatomy of the kidney, 
illustrated in the same work. 

:ioo. — I. Casts of IWcdium Diameter, about the l-TOO/Zt 
of an inch. 

“ Epithelial casts *’ consist of moulds of the tubes in 
which cells of epithelium are entangled. Some of the cells 
may be entire, while others are disintegrated, fig. 210. Some 
casts contain only granular matter, figs. 210 A, 214, and 
epithelial debris. More rarely casts will be found to contain 
blood or pus globules. In some instances, entangled in the 
cast, are numerous oil globules, readily distinguished by their 
highly-refracting nature, with or without cells of epithelium, 
larger than natural, and gorged with oil, fig. 211. 

Once I have met with casts of medium diameter, contain- 
ing well-formed dumb-bell crystals of oxalate of lime. These 
casts were found in the urine of a patient suflering from 
cholera. In the same specimen, also, several octohedra of 
oxalate of lime were present,, but these latter were not 
entangled in the casts.* 

* Illustrations of Urine, Urinary Deposits, and Calculi,’' Plate XII., tig. 1. 
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Occasionally, specimens of urine arc met with which 
contain an abundant flocculcnt deposit, consisting entirely 
of casts gorged with cells closely resembling pus corpuscles 
and free cells of the same character. The cases are generally 
of an acute character, and terminate fatally in a short time 
(three or four weeks), but this is not invariably the case, as 
I have seen two or three cases occurring in children in uhich 
these casts and cells were most abundant, which have reco- 
v(M*cd completely. The deposit, from a fatal case, is figured 
in Plate XVI. Illustrations of Urinary Ueposits.^^ 

aoi. — II. of CoiiNldcrablc Diameter, about the 

1 -500/4 of an inch. Dr. Johnson speaks of large w^axy 
casts, which arc j)crfcctly transjiarent, and have a glisten- 
ing aspcict, somewhat resembling in appearance the surhicc 
of wax as it cools after having been melted. Casts of con- 
siderable diairu^ter also occur, of a granular character, and 
one portion of a cast is often granular while tlie other is 
transparent, and containing perhaps a few epithelial cells. 
Large waxy casts are rej)resented in fig. 212; at a is r(.‘j)rc- 
sented a large cast, perfectly transparent. Two of the casts 
in the figure, and the one depicted at a, fig. 213, arc seen 
to be composed of a material in the interior, difl’ering from 
tliat which forms the circumference of the cast — an appear- 
ance which I have in several instances o])servcd. 

In some cases at hiast it is probable that these casts 
of large diameter arc formed in the lower ])art of the straight 
portions of the nriniferous tubes where these are very wide. 
Often it is evident that tlu' material is de])osited in successive 
layers. In fig. 213 at a such a cast is represented. Although 
in some cases the coinoluted portion of the nriniferous tube 
is wide enough to admit of the formation of one of these 
large waxy casts, 1 have never seen an instance where the 
tubes between the cortical and medullary portion of the 
kidney Mere wide enough to permit them to pass through. 

I think, therefore, that mucluof the material must have been 
deposited in the lower straight portion of the nriniferous 
tubes. 



CASTS OF THE UlllNIFEROUS TUBES. 



Fi^. 210.— Epithelial casta, a. Casts coiitaiuing cells of epithelium. A. Casts contnijiing 
granular matter. I'roni urine of acute dropsy. 

Fig. 211. — Casta containing fat cells and glohules, from a of fatty degeneration 
of the kidney. W 

Fig. 212. — Large casts, some containing many ccUh, others consisting of a perfectly trans- 
parent wax-like material, characteristic of desquamative nephritis. 

Fig. 213. — Waxy casts, a. Of large size. h. Small waxy casts. 

J'ig. 21 1. — Small granular casts from the urine of a patient suffering from chronic nephritis. 
All these figures x 21"). 
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302. — III. CaHts Of Small Diameter, about the 1-1000/A 
of an incJi. These are the “ small waxy casts ” which, 
according to Dr. Johnson, are formed in cases in which the 
epithelium manifests no tendency to desquamate {non-desqua- 
mative nephritis). The diameter of the cast is, therefore, 
that of the central canal only, fig. 21d ; and, not unfre- 
quently, we meet witli casts of less than 1000th of an inch 
in diameter, having a jierfectly smooth and glistening surface, 
and without the slightest trace of granidar matter. These 
a])pear ])erfcctly hyaloid, and, in the microscope, present the 
same general appearance as a piece of the clastic lamina 
of the cornea, fig. 2134. 

303. Fat c:ciiM. — Besides the occurrence of fatty matter 
in casts, and in cells entangled in casts, it is very commonly 
met with in cells, in the urine, Avithout the presence of casts. 
These cells consist usually of epithelial cells of the kidney, 
enlarged and gorged with oil, figs. 211, 215 a. Sometimes 
they contain a few oil globules, whicli are well defined, and 
are seen to be distinct from each other; while, in other 
instances, the globules arc very minute, and so crowded 
together, that the cell appears perfectly opaque and dark, 
resembling the so-called inflammatory globules. Occasion- 
ally, cells containing oil globules may be derived from some 
other part of the mucous surface of the urinary passages. 
Fig. 21(> represents the appearance of some epithelial cells, 
and collections of oil globules taken from l.lic membranous 
portion of the urethra. These could hardly be mistaken for 
the cells and casts met with in the urine in cases of fatty 
degeneration of the kidney; but at the same time it is 
important to bear in mind that cells containing oil globules 
are occasionally met with in cases where the kidney is not 
diseased. Of late, much attention has been paid to the 
pre’sence of fatty matter in the urine, and it may be of 
advantage to refer to the various states in which it may be 
met with in this secretion. 

304. Conditions In which Fatty Matter may be met with 
In Urine. — 1. Fatty matter may occur in the urine as distinct 
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and separate globules, resembling those which are produced 
by intimately mixing oil with water by the aid of mucilage, 
&c., fig. 2156. When fatty matter occurs in this state only 
in urine, its presence is usually accidental. It may have 
dropped into the urine accidentally, or introduced in con- 
sequence of the secretion having been drawn off with an 
oiled catheter. 

2. Fatty matter occurs in the urine in the form of 
globules, inclosed within a cell wall, or in casts, as referred 
to in § 303.* 

3. In some of the rare instances which occur from time 
to time of the so-called “chylous urine,’' the fatty matter 
is suspended in an exceedingly minute state of division. In 
a specimen of chjdous urine, for which I have to thank my 
friend Mr. Cubitt, of Stroud, there existed nearly thirteen 


riif. 21 r.. 


Fig. 21 n. 



-I 


#• 


Fig. 217. 



n. Oil globules 
inoloBcd in cells, b. 
T’rcc oil plohulcs as 
they appear wlii-ii 
oily matter has heen 
aeeidenlully mixed 
with urine*, x ‘21 fi. 


Knithelial cells and oil 
globules from the meiiihru* 
nous portion of the urethra, 
X 21 r.. 


Patty matter in a molecular 
state as it oeeiirs in chylous 
urine. Small granular cells are 
also present, x 210. 


grains of fatty matter in a thousand of urine. I could not 
detect any oil globules. The whole of this large quantity 
of fatty matter was in an extremely minute state of division, 
to which the term “molecular” has been applied, and in 
which state the fatty matter is found in chyle. Upon micro- 


* The composition of the fat in these cases is very interesting. I have 
found it to contain mucli eholesterinc dissolved in a more fluid fat, from which 
it may he readily separated in a crystalline form. From the fatty matter 
contained in cells obtained from morbid structures in other parts of the body, 
I have also lx>en able to extract much eholesterinc; and also from some organs 
in a state of fatty dc»gencration. Sc^e " Archives of Medicine/* No. T», page 8; 

Illustrations of Urinary Deposits,” Plate XVI. 
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scopical examination, the field was seen to he covered with 
very minute molecules, like small dots, revolving with a 
slight wavering motion, about each other. In this specimen 
there were also a few delicately granular cells present. The 
a])pearancc of this urine, examined witli a quarter, is repre- 
sented ill fig. 217.* 

Ill urine, therefore, in which we find distinct oil ylobules 
floating about, these may be derived from the presence of a 
little oil or butter which has accidentally fallen into the 
urine, or from the admixture of milk ; — Mdicii the oil globules 
are inclosc'd within a veil watly or eutanyled in casts^ the 
condition may be looked upon as indicative of ^^fotty degene^ 
ratioih^^ of the kidney, or of the einthelium in some otlier 
situation ; — and wluu’e the fatty matter is in a molecular 
statCj the case is one of ‘‘ chylous urine.^^ 

Second Class of Urinary Deposits, 

The three deposits included in this class often rcscnd)Ie 
each other very closely when examined only by the unaided 
eye; but they difier Avidely in their microscopical characters, 
in their behaviour Avith chemical reagents, and also in their 
pathological imj)ortancc.t 

ai»5. i»«s. — The microscojiical characters of pus have been 
described in §§ 283, 281. The form of the globules becomes 
somewhat altered if they liaA^c been soaking rig. 2 ih. 
in urine for a long time, and ultimately they " 

undergo complete disintegration. Fig. 218 ® (f) 

shows the appearance of pus globules : at a 
some are shown, acted upon by acetic acid. If 
decomposition of the urea, accompanied with Trrutca'wi'i“.‘^«"kfc 
the development of carbonate of ammonia, *''"*• 
occurs, the globules become converted into a glairy viscid 
mass, see “ Mucus,^’ § 293. 

* The case is fully reported, with analyses of the urine, in No. I. of the 
Archives of Medicine.” 

t The methotl of distinguishing' these dcixisits from each other is deserilxjd 
in Tables for the Kxamination of Urine.” 
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A deposit of pus is very frequently accompanied with 
crystals of triple phosphate, hut this is by no means invariably 
the case. I have noticed that when the pus is derived from 
the bladder, the crystals are very frequently present; but in 
several cases in which large quantities of pus were passed in 
the urine, but derived from the kidne}^ the crystals were 
altogether absent.* 

Chemical Characters . — Deposits of pus arc rendered clear 
and glairy by the action of strong alkalies. The mixture is 
so viscid that it will not drop from one vessel into another. 
The supernatant urine contains a trace of albumen, which 
may be detected by the application of heat or upon the 
addition of nitric acid. 


300. Karthy Phosphates. — The earthy phosphates which 
occur in large quantity in urine are triple 2>hosphate, gene- 
rally accompanied with amorphous granules, or small rounded 
globules of phosphate of time. This deposit often occurs in 
considerable qiiantity. Upon mici’oscoincal examination, 
numerous prisms of triple phosphate (Il0,Nll40,Mg0,P05), 
in their well-known triangular form, with obliquely-truncated 
extremith^s will be observed, fig. 219 . 

Some of the crystals are of a more quadrilateral form, 
M’hile others appear almost like an octohedron, in con- 
sequence of the central part of the crystal not being deve- 
Fig. 210. loped. A crystal of this form is represented. 
^ consequence of the two ends being 

; closely approximated, the ajipearancc of a 
crystal, the opposite angles of which 
arc connected with straight lines, is pro- 
, duccd. Various modifications of the above 

phute. smuij gioimiea fomis Will ulso bc mct With vcrv frequently. 

oi phosplmti! of lime, x d 

Willi viiiiioucB, X 015 . Thc faccs of tlic Crystals become roughened 
by standing long in thc urine, oi‘, indeed, in pure water, 
unless a small quantity of some ammoniacal salt be dissolved 
in it, in which case the crystals udll keep unimpaired for a 
length of time. 


• “Cliuicul Lot'tiuv,” by Dr, Tuilil. 


“ Mudicul Times and Gazette',” No. 185. 
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The more uncommon modifications of the crystals of 
triple phosphate will be referred to in the next class, as 
they most frequently occur only in small quantity. The 
deposit of triple phosphate is always accompanied with phos- 
phate of lime (2Ca0,H0,P05) if the urine be alkaline. 
This phosphate occurs in the form of small spherical masses 
or amorphous granules. Often tw^o small globules are joined 
together so as to resemble a small dumb-bell crystal. 

Chemical Characters . — Phosjihates are soluble in acetic 
acid, and very readily so in nitric or hydrochloric acid. If 
ammonia be added, to tlie acid solution, the triple phosphate 
is precipitated in the form of beautiful stellate crystals,* 
which gradually become altered until prisms arc formed, 
while phosphate of lime is thrown down as an amorphous 
delicately granular deposit. 

aoi. urates. — This deposit is often very abundant. It 
may vary in colour from a pale buff* to a tolerably deep red ; 
often, however, it is almost colourless. It is this deposit 
to which the terms nut-brown sediment,^^ lateritious 
deposit, &c., have been aj)plicd, according to the proportion 


Fig. 220. Fig. 221. Fig. 222. 



Urate of soda Urate of amTnoiiia, Urate of soda and /ilms of triple 

as it commonly prcj)ared artiliciolly, x phosphate formed on the stirfucc of 

occurs in uniic, 215. concentrated urixie. 

X 215. 

of colouring matter it may contain. It consists principally 
of urate of soda, with small and variable proportions of 
urates of ammonia and lime,^ with, perhaps, also a trace 
of urate of magnesia, f 

* “ llhiatratioiis/’ Plate IX., fipr. 2. 
t Lchrbucli dcr Zoochemic,” Huiiiix. Ilorlin, 1853. 
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Upon microscopical examination it is found to consist 
entirely of minute granules which arc unequally aggregated 
together in different parts of the field (fig. 220). More 
rarely the deposit contains spherical masses of the urate, or 
small rounded globules. In children, urates are often found 
in the form of perfectly spherical masses, somewhat resem- 
bling in form the erystals of carbonate of lime occurring in 
horses^ urine. Such crystals are figured in Plate VIII., 
figs. 2, 5, 6, of the “ Illustrations.^’ In the adult also, such 
spherical crystals arc occasionally met with. Dr. Kennion, 
of Harrogate, sent me a short time since a specimen of urine 
containing the largest spherules of this description that I 
have ever seen. These arc figured in No. III. of the 
" Archives of Medicine.” 

The appearance of urate of ammonia artificially prepared, 
is shown in fig. 221 . 

Fig. 222 shows the api)earanee of the spherical masses 
of urate* of soda, which form ])art of the scum of urine 
while it is evaporating. The smooth fiat portions consist 
of phosphates which form a very thin film to which the 
urates adhere. 

Chemical Characters . — Urates are soluble in boiling Wiatcr, 
and very soluble in 2 >otash, and upon the addition of excess 
of acetic acid, the soluble urate is decomjiosed, and after the 
hq)sc of a short time, well formed crystals ol' uric acid, which 
may be examined by the microscojic, arc de])osited. Ui'ates 
are entirely combustible at a red heat, and by l)(‘ing treated 
with nitric acid and ammonia, yield the beautiful jjurjdc 
colour characteristic of mucxid (sec uric acid). 

For the method of analyzing these deposits, see Heintz's 
“Zoochemic,” Lehmann’s ^‘Physiological Chemistry,” Vol.i., 
Powman’s “ Medical Chemistry,” “ Tables for the Examina- 
tion of Urine.” 

Urate of soda is not unfrequently met wdth in urinary 
deposits in the form of small spherical masses, from the 
surface of which spicules of uric acid project in various 
directions (fig. 225 c). 




CRYSTALS OF URIC ACID. 


Fip. 223. rig. 224. 



Hg. 220. 



Fig. 223. — Cdiiinion fr>rin8 of uric acid crystals. 

Fig. 224. — Small crystals of ui'ic acid of a rboiiiboidal form; many of them resemble sections 
of stiiall cylinders. 

Fig. 225. — Less roniiiiou forms of uric aAd crystals, a. Crystal-like Cayenne pepper grains, 
X 130. b. Six-sided crystals of uric acid. c. Mass, with small uric acid crystals projecting 
from it. d. Small pyranudal crystals of uric acid, very uncommon, e. Peculiar forms of uric 
acid. 

Fig. 220.^Lttrgc halbert-shaped crystals of uric acid. a. Cayenne pepper grain, x 216. 



THE MICROSCOPE IN CLINICAL INVESTIGATION. 319 


Occasionally, the very dark granular appearance of certain 
casts is due to a deposition of urates upon their surface afU^r 
the casts have been passed. In these cases the granular 
aj)j)earancc is removed upon applying a gentle heat to the 
slide upon which the deposit is placed. 


Third Class of Urinary Deposits. 


Fig. 227. 



SOS. Uric or uithic Add. — This is onc of the most common 
urinary deposits. Uric acid is frequently deposited after the 
urine lias left the bladder, in consequence of the occurrence 
of acid fermentation, a process which has been tlic subject 
of some beautiful investigations by Scherer.* In some 
instances, however, the uric 
acid is undoubtedly dei)Ositcd 
before the urine is passed. Like 
the urates, deposits of uric 
acid vary very much in colour. 

Sometimes they are nearly 
colourless, while in other in- 
stances, the crystals arc 
arranged in the form of large 
grains of a deep red colour 
Cayenne pepper grains.^^ In figs. 225 a, 226a, the appearance 
of two of these crystalline masses is depicted. The crystals 
also vary much in size, so that the deposit may appear to the 
unaided eye as a granular layer, or as a distinctly crystalline 
sediment. Deposits of uric acid usually occupy an incon- 
siderable bulk, compared with that of the urine from which 
they have been precipitated. Uric acid is occasionally depo- 
sited in a granular form. 

The forms which the crystals assume are very various. 
The most characteristic, and those most frequently met with, 
approach the rhomb, and it is in this form that this sub- 
stance is deposited when any of its salts are decomposed by 


Uric acid crystals, formed by adding nitric 
acid to urine, x 215. 


* ** Untersucliungen,” 1843. 

Day, Vol. ii., page 408. 


Lehmann’s Chemistry ;* translated by 
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the addition of a stronger acid. Some of the most common 
forms are represented in figs. 223, 224. The latter figure 
shows the form which uric acid usually assumes in the urine 
of cases of acute dropsy/^ and of dropsy after scarlatina.^^ 

Fig. 225 represents some curious modifications of crystals 
of uric acid. The six-sided crystals (fig. 225 i) must not be 
mistaken for cystine. Tliey may readily be distinguished by 
two of their sides being longer than the others, and also 
by their chemical characters. 

In fig. 227 are rejjresoiitcd some crystals of uric aeid, 
wliich arc occasionally met with. They may often be pro- 
duced by the rapid crystallization of uric aeid in urine, to 
which nitric or hydrochloric acid has been added. Otlier 
forms of uric acid arc represented in Plates IV., V., VI., VII., 
of Illustrations of Urine,^^ &c. 

Chemical Characters of Uric Acid . — A deposit suspe(dc(l 
to consist of uric acid, but having no well-defined crystals, 
may be examined as follows: — A droj) of liquor potassie is 
to be added to it. If dissolved, the solution will deposit 
>v(dl formed crystals of uric acid after the addition of excess 
of aceti(‘ aeid. The mixture, however, must be allowed to 
stand for some time to admit of the formation of crystals. 
Uric acid is soluble in nitric acid, and if the solution be 
evai)orated to di’yness, and a drop of ammonia added, it 
yields the most beautiful purple colour dependent on the 
formation of murexid. 

:i€io. Oxalate of — Oxalate of lime was first shown 

to be a common ui’inary deposit by the late Dr. Golding llird. 
It occurs as a scanty sediment, in which the crystals, if they 
are large, are seen as minute glistening points to the unaided 
eye. Large crystals of oxalate of lime present a beautiful 
appearance when examined by reflected light (fig. 228 rf). If 
they are subjected to examination in the dry way, they 
appear like dark cubes, with a clear bright centre, a. Their 
aj)pearanee in fluid and in (panada balsam is shown in the 
same figure at b and c. More commonly, however, the 
crystals do not all sink to the bottom of the liquid, but arc. 



CRYSTALS OF OXALATE OF LIME. 


Fig. 228. 

a h c d 



Fig. 22ft. — Octohedra of oxalate of lime, a. By transinitted light, in tlie dry way. b. In 
water, c. In Canada balsam, d. By refled ed light. 

Fig. 229. — The same octohedron of oxalate of lime seen in different positions. 

Fig. 2110. — Duiiib-liell and ocioliedral rrystals of oxalate of lime. One very large one is seen 
in the lower part of the figure, x 215. 

Fig. 231. — Perfect dumb-bells, from the urine of a child aged two years, suffering from 
jaundice, x 215. 

Fig. 232. — Dumh-bclls subjected to the prolonged action of acetic acid, sbow'ing the crystal- 
line material nearly dissolved away, x 215. 

Fig. 233.-— Crystals of urate of potash assuming a dumb-bell form, but evidently composed 
of acicular crystals, x 215. 

Fig. 234. — Cryslals of phosphate of lime in the form of dumb-bells, x 215. 
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as it were, buoyed up by the small quantity of mucus 
present. They vary very much in size. 

Oxalate of lime crystallizes in well-defined octohedra, 
one axis of which is much shorter than the other two. 
Viewed in various positions, the crystals present a very 
different appearance, which has given rise to the idea that 
this substance crystallizes in several different forms in urine. 
In fig. 229, several of these appearances arc represented ; 
the crystal being the same in each cast^, but viewed in a 
different position. In the four low'er figures the erystal is 
shown with one of its lateral angles towards the observer, 
and rotated upon its long axis. I have been able to observe 
all these different forms by causing the crystals to I’otate in 
the field of the microscope. With the aid of a little glass 
model, it is very easy to demonstrate the different appearances 
to any one. 

Octohedra of oxalate of lime are frequently deposited 
after the urine has left the bladder, and continue to increase 
in size for some time after their first appearance ; so that 
the urine should always be examined soon after it has been 
passed, and also after the lapse of several hours. 

Not unfrcqucntly the crystals arc very minute, and with- 
out care in the examination they may be passed over alto- 
gether. Minute crystals of oxalate of lirnc ofter occur 
amongst deposits of pale lithates, which may obscure them 
from view. Upon the addition of a drop of potash, how- 
ever, the lithate is dissolved, while the crystals of oxalate 
of lime are not affected, and can be distinguished readily 
upon microscopical examination. 

Chemical Characters . — Oxalate of lime deposits are seldom 
met with in sufficient quantity for quantitative analysis. The 
crystals are insoluble in water, potash, and acetic acid ; but 
soluble in the mineral acids. This deposit, if exposed to a 
red heat on platinum foil, becomes converted into carbonate 
of lime, which effervesces upqn the addition of a drop of 
acid, § 141. 

310 . oumb.beii Crystals. — Dumb-bell Crystals of Oxalate 
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of Lime. These crystals were also first described by Dr. Gold- 
ing Bird, as consisting of oxalate of lime; but in conse- 
quence of their power of polarizing light, he considered it 
probable that they may be composed of oxalurate of lime, 
for substances which ‘crystallize in the octohedral form do 
not possess this pro})crty. The composition of these crystals 
is discussed in page 330. 

A very perfect form of these dumb-bell crystals is repre- 
sented in fig. 231 ; they were obtained from the urine of a 
child, two years of age, suffering from jaundice. Besides 
the dumb-bell crystals, other allied forms are very often 
present, such as oval and perfectly circular crystals (fig. 230); 
and not unfreqneutly crystals of an irregular form occur, 
one side being even and regular, while the opposite presents 
different charac^ters. Dumb-bells will generally only be met 
with in urine for a few consecutive days, and they are almost 
always accoinpani(’d with octohedral crystals (fig. 230). I 
have obsc'Tved on several occasions that the appearance of the 
more pcrfoetly-formed dumb-bell crystals is preceded and 
suec^eeded by the presence of the circular, oval, and less 
regular forms of crystals. 

These crystals arc certainly formed in the kidney; for 
1 have seen them in the tubes after death on several occa- 
sions, and once I met with them in the fibrinous casts of the 
uriniferous tubes which had escaped in the urine. 

The manner in which these crystals arc formed is not 
known. Carbonate of lime found in the urine of the horse 
and other herbivorous animals is deposited in allied forms, 
and the earthy matter of shell, according to the observations 
of JNfr. Rainey, takes a very similar form.* 

By the prolonged action of acetic acid, I have found that 
the crystalline matter was dissolved, leaving a small quantity 
of organic matter, taking the precise form of the original 
crystal, and appearing like a cell wall (fig. 232) .f A similar 

* Mr. llaiiioy’s pajwr contains inaav new and inti^rcsting observations bear- 
ing n]>on the deposition of crystalline material in tbe form of sxdierules or 
duinb-lx'lls. “ Mcdico-Chirurgical Review/’ Vol. xx., page 451. 
t “ Medicnl Times/’ 1851, page 371. 
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change takes place in the case of the spherical and dumb- 
bell-shaped crystals of carbonate of lime, so common in the 
urine of the horse and other herbivora. 

The dumb-bell crystals appear to be formed by the aggre- 
gation of minute acicular crystals ; an arrangement which is 
well seen in the crystallization of other substances, which, 
under certain circumstances, assume this form. In fig. 233, 
some crystals of urate of potash (prepared artificially) arc 
represented in tiiis form, but the crystalline material is not 
associated with any form of animal matter. 

Phosphate of lime also appears to assume the dumb-bell 
form occasionally. The crystals delineated in fig. 234 were 
obtained from the decomposing mucus of the gall bladder 
of an ox. 

Uric acid also assumes the dumb-bell form ; but these 
crystals are readily distinguished from those of the oxalate 
ol’ lime by their solubility in solution of potash, and by the 
difference of their refracting i)ower. Dr. Bacon has added 
some interesting observations upon the composition of these 


Fi{j. 2.Sr». Fig. 2.S6. 



CryBtalB of triple phosphate, showing Rare form of triple phosphate, x 21 5. 

their form. 


crystals, wliich will be found in Dr. Golding Bird^s work on 
“ Urinary Deposits,” to which the reader is referred for 
further information upon this subject. See also the observa- 
tions upon oxalate of lime ealculi, page 330. 

Chemical Characters. — Dumb-bell crystals possess the 
same chemical characters as the^octoliedra of oxalate of lime. 
They are, however, dissolved by the prolonged action of acetic 
acid. 
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811. Triple Phosphate. — Besides the ordinary form of 
crystals of triple phosphate (figs. 219, 235), there are others 


Fig. 237. 


io. 

r a 

ii' 


Unusual fonn of triple 
pIioBphutc and phospliate 
of lime. From the urine 
of a gentleman sufrering 
from indigestion in the verv 
JioL weather. The deposit 
was ahundunt and whitish. 
It eontained no mere gra- 
nules or M’ell formed crys- 
tals. All the forms present 
in the, deposit are repre- 
sciiled in tlie drawing, x 
215. 


whieh oeeur more rarely in small quan- 
tities. Fig, 236 represents some crystals ' 
of triple phosphate, of a beautiful form, 
not very frequently met with. This form 
is represented in Plate XXII. of “ Illus- 
trations of Urinary Deposits,^' figs. 1 to 6. 
The specimen from which the drawing 
was taken contained also many octohedral 
crystals of oxalate of lime. If a little 
ammonia be added to healthy urine, the 
ammouiaco-magnesian phosphate is pre- 
cipitated in the form of beautiful stellate 
feathery crystals, “ Illustrations,’^ Plates IX., XXIII. 

312. Cystine. — Cystine forms a deposit much resembling 
that of the pale urates ; from which, however, it is readily 
distinguished by not being dissolved upon 
the application of heat. Cystine is readily 
soluble in ammonia; and as the arnmo- 
niacal solution evaporates, the charac- 
teristic six-sided plates arc formed. For 
the deposit from whieh the accompanying 
drawing (fig. 238) was taken, I am in- 
debted to my friend Dr. Sankey, of the II an well Lunatic 
Asylum.* 

Chemical Characters. — Deposits of cystine arc readily 
distinguished from urates by being insoluble in the Avarm 
urine or in warm water. They are dissolved by ammonia, 
and if the ammouiacal solution be allowed to evaporate, the 
six-sided crystals are again deposited. This deposit, if in- 
cinerated on platinum foil, leaves no fixed residue. 

813. Carbonate of Lime is very rarely met with in a crys- 
talline form in human urine. Not unfrequcntly it occurs. 



Crystals of cystine, x 215. 


* An inicrostiiig case of cystine deposit, rejiorted by Dr. Milner Harry, is 
given ill No, II. of tUe Archives of Medicine,^* with analyses of the urine. 
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mixed with a deposit of triple phosphate and phosphate 
of lime, as an amorphous powder, or forming very small 



Crystals of car- 
hoiiute of lime seen 
by reflected light. 


round masses. Occasionally, 
however, it has been found 
forming dense spherical stellar 
masses, composed of aggrega- 
tions of minute acicular crys- 
tals (Dr. Golding Bird). Fig. 
239 represents the appearance 
of carbonate of lime as it 
occurs in the urine of the 


Fig. 340. 



Crystals of car- 
bomite of lime in 
Canada bulsain, seen 
by trausmitted light, 
X 215. 


horse, under the influence of reflected light ; and in fig. 240 
some crystals, viewed in Canada balsam, with transmitted 
light, are shown. 

The Chemical Characters of Carbonate of Lime are 
described in § 141. 

314. Blood ciiobuicii usually form a red or brownish-red 
granular deposit which sinks to tbc bottom of the vessel. 
If the urine be perfectly neutral, or slightly alkaline in its 
reaction, the colour of the globules will be bright red ; w'hilc, 
in those instances in which the reaction is decidedly acid, 
the globules will be found of a brown colour, imparting to 
the supernatant fluid a smoky hue. When the urine has 
a decidedly smoky appearance, it will almost invariably be 
found that the blood is derived from the kidney, but in the 
majority of eases in which it retains its florid colour, it 
comes from the bladder, prostate, or urethra. If blood 
■globules remain long in urine they become much altered in 
form, the outline appearing irregular and ragged, and the 
surface granular. This change no doubt is chiefly dependent 
upon physical causes. 

Chemical Characters of Urine containing Blood. — Urine 
containing blood corpuscles must also contain scrum, but the 
quantity of this fluid is in many cases very small, although 
numerous blood corpuscles arq to be discovered by micro- 
scopical examination. If there be much blood, the albumen 
of the serunv is readily detected by the ordinary reagents. 
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but if the quantity of albumen present be evidently greater 
than can be accounted for by the number of blood corpuscles, 
the practitioner would be led to fear the existence of organic 
disease of the kidney, and would at once search for evidence 
of tiie morbid change. (See section on “ Casts of the 
Tubes.^') 

315. Larsre OrKanlc CiloliuleM, Bxutfatlon Cells, Ace. — Large 
cells filled with oil globules, which are met with in the urine 
in cases of fatty degeneration, have already been referred to 
in ])agc 313. These when completely filled with oil, appear 
perfectly dark by transmitted light. They have been termed 
“large organic globules,’^ by Dr. Golding Bird, and in struc- 
ture present great similarity to the so-called exudation 
cells,^^ “ inflammatory globules,^' or “ compound granular 
cells.” They consist essentially of spherical aggregations 
of minute oil globules which can be readily distinguished by 
their dark outline and clear transparent centre. By I’cflectcd 
light these cell-like bodies appear opaque and perfectly white. 
They must bo distinguished from cells in which no oil 
globules can be detected, in which even with very high 
powers the dark parts appear to be composed only of minute 
granules or niolcculcs, which aj)pcar as very fine dots. 

SIA. SplierlcHl Cells cuntaliiingr Nuclei and ftiranular Matter. 
— Cells presenting these characters are not unfrequently met 
with in specimens of urine, but 1 have not been able to 
determine witb accuracy the jiortion of the mucous tract 
from which they arc derived, or their pathological im- 
portance. 

The cells represented in fig. 241 were found in the urine 
of a patient suffering from rheumatic fever. The smaller 
round bodies are altered blood corpuscles. 

The large cells above referred to contained several trans- 
parent bodies within them, which became very distinct upon 
the addition of acetic acid (nuclei?). The central bodies did 
not refract light as oil globules, nor did they present the 
circular dark and well defined outline so characteristic of 
them. 
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111 fig. 242 are represented specimens of large cells filled 
M ith dark granular matter^ but not containing any oil par- 
ticles, from the urine of a case of chronic bronchitis. There 
•were also a few pus globules present in this specimen. 
Fig, 243 represents a curious form of cell found in the urine 


Fig. 211. 


Fig. 242. 



d 


(’ells from llic urine of a raHO of arufi* rlxMiinaliHrii. 
a. Ill lilt! natural stale. b. TrcatiMl \^ith arr.lic arid. 
r. Cells resfinbling pus. d. Tlie same t real ed with acetic 
acid. Tlie small circuhu* bodies are blood corpiC'Clcs, x 
2ir.. 



Large cells filled with 
granular matter in tbe. 
urine of a case of chronic 
bronchitis, x 21a. 


Fig. 2 L’L 



of 

X 


Cells fdund in the urine 
a ca.se of lenal clroi»s\, 
21.'). 


of a case of renal dropsy of seven weeks’ duration. Casts 
of medium diameter, with a few small cells containing oil, 
were also present in the same specimen of urine. 

Cells presenting somewhat similar characters have come 
under niy notice in several other cases ; and from that por- 
tion of the mucous surface of the bladder known as tJie 
trigone, I have obtained cells agreeing with tliem in general 
characters. It appears not unreasonable, therefore, to assume 
that many of these peculiar cells may be looked upon as 
some modification of bladder epithelium. 

an. “Small Organic Globules.*’ — Under this name Dr. 
Golding ^ird has described sojne little bodies smaller than 
the i)us or mucous corpuscles, with a perfectly smooth 
exterior, and unaffected by acetic acid. Dr. llird suggests 
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that they may be nuclei which have been set free from a 
cell by the bursting of the investing membrane.* 

Fig. 244 represents the appearance of the deposit from 
the urine of a patient suffering from calculus. The small 

round bodies represented in 
different parts of the figu|^ 
were insoluble in strong acetic 
jujid, and were unaltered on 
the addition of ether or potash. 
Many of them contained a 
central dark spot. They were 
accompanied with numerous 
small octohcdral crystals of 
oxalate of lime. From their 
highly refractive properties and chemical characters just 
referred to, it is prol)ablc that they were composed of oxalate 
of lime. 

There arc other substances met with from time to time 
in urinary dei)osits, the nature of which it is not easy to 
determine. If the practitioner should meet with objects, 
the nature of which he cannot ascertain, he shoidd at once 
make careful drawings (§§ 7C, 77), and take notes of the 
case in which they occurred. He should make himself 
familiar with the appearances of all the extraneous substances 
likely to be met with, so that he may not be misled by these. 

UuiNABY CaI-CITLI. 

3 IN. Formation of Calculi. — Although urinary calculi are 
not generally the subject of microscopical examination, or 
their characters discussed in works on the microscope, it is 
very important to remember that there was a time when 
the calculus was a microscopic object, when appropriate 
treatment would perhaps have expedited its removal before 
it had grown to a sufficient size to give rise to the least 
inconvenience. Urinary cafculi are seldom if evS* formed 
unless the urine has for a considerable period deposited a 
* “ Urinary Deiiosits,” fifth edition, page 371. 


rig. 24-i. 



Siuiill globules and ootohodru A oxalate 
of lime, X 215. 
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sediment consisting of the material of which the calculus is 
made up, and containing numbers of minute calculi. If we 
had been able to detect at a sufficiently early period the 
* tendency to the formation of these deposits, there is no doubt 
that in a vast number of cases we could have prevented the 
formation of a calculus. When there is an hereditary ten- 
dency to these disorders, there is little doubt that careful 
examination of the urine, especially in infants and children,^ 
would be of the greatest use practically, for if we found a 
deposit, means for preventing its formation would, at least in 
many cases, at once suggest themselves. The means employed 
of course vary according to the nature of the dcjiosit, and 
acids, alkalies, and large quantities of fluids arc used accord- 
ing to circumstances. 

1 have lately had my attention very forcibly directed ft) 
the formation of urinary calculi, in consequence of having 
met with specimens of perfectly formed, but microscopical 
calculi in urine. It is not at idl uncommon to meet with 
microscoj)ic uric acid calculi, — aggregations consisting of uric 
acid crystals, which, if retained, would necessarily receive 
deposits of fresh material on the outside, until small calculi, 
varying in size from a rnustiird seed to that of a pea or larger, 
which arc so often exi)elled, are formed. If such calculi are 
not removed from the organism, they of course increase in 
size until too large to pass down the urethra. 

Microscopical calculi of triple phosphate and phosphate 
of lime are by no means uncommon, but until lately I had 
never had an opportunity of watching the formation bf calculi 
composed of oxalate of lime. Tig- 215 represents a mass 
of dumb-bell crystals, many of which collections were passed 
in the urine. Although the mass is seen to consist of a 
number of distinct crystals, these are firmly attached to each 
other, so that the whole may be rolled over and over without 
the individual crystals being se{)aratcd from each other. Such 
collections I have many times »seen in the uriniferous tubes 
in kidneys obtained from post mortem examinations, which 
leaves no doubt as to the precise seat of formation of these 
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bodies. Gradually the interstiees between, the individual 
erystals become filled up with the same material, and at the 
same time a few of the larger crystals increase in size at the 
expense of the small ones. At length a small crystalline 

mass of an oval form is developed, 
which clearly consists of a microscopic 
mulberry calculus, and if retained, will 
gradually increase in size. Two small 
calculi of this description are repre- 
sented in figs. 2 and 3 of the plates 
containing specimens of calculi in 
“ Illustrations of Urine, Urinary De- 
posits and Calculi.^’ When such cal- 
culi reach the bladder, they doubtless 
sometimes increase gradually by the 
deposition of oxalate of lime upon 
their exterior. Such small bodies would easily become entan- 
gled in the mucous membrane of the bladder, and might 
remain in the pelvis of the kidney without exciting any dis- 
turbance until they had grown so large as to cause great 
inconvenience. The observation is of great interest also as 
showing the chemical composition of the dumb-bells, which 
has long been a disputed point, as it is very dillicult to obtain 
sufficient of the deposit of the dumb-bell crystals for an 
accurate chemical examination. We know that the mulberry 
calculus consists of oxalate of lime, and it has been shown 
that it is composed of aggregations of dumb-bell crystals. 
There can, therefore, be little doubt of the chemical com- 
position of an individual dumb-bell crystal. It is of great 
importance that cases in wdiich these dumb-bell crystals are 
deposited should he very carefully watched. 

Microscopic calculi, composed of phosphate of lime, and 
calculi from the prostrate gland arc also represented in the 
same plate of the '' Illustrations.’' The chemical examina- 
tion of calculi is conducted in the same way as that of 
urinary deposits of corresponding composition. See also 
“Tables for the Examination of Urine.” 


Fig. 215. 



Collortion of dumb-bnll rrys- 
tiils lirinly mlliumit to ojicli 
other. Su'rh a riiasa luijfht very 
cnaily lu'coinc converted into a 
sinafl ralciiluaby tlie d ('.position 
of inatci’iul of sirnilur constitu- 
tion in Uie intervals, x 215. 
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On the PRESEEViLTION OP URINARY DEPOSITS. 

It is very desirable to be able to preserve many urinary 
deposits pennaneiitly, particularly uben their nature is 
doubtful, in order that they inaj'^ be compared with other 
specimens ; and as this point presents some difficulties to the 
student, it will be advantageous to discuss it here somewhat 
ill detail. While some of the substanees met with are jire- 
served wdth eom})arative facility, others are oidy prevented 
from decomposing b}^ dint of employing the greatest care 
in mounting them, and by the use of good iirescrvative 
solutions. 

. There arc three methods of mounting urinary deposits; — 

1st. As dry jireparations. 

• 2nd. In C.'anada balsam, tiirj)entine, oil, and other fluids 
of similar characters. 

3rd. In an acpicous ju'cservativc solution. 

The first method is only ap})licable in a very few" cas(\s, as 
the greater number of substances forming urinary deposits 
arc so altered by the ))rocesses of washing and drying as to 
be afterwards recognized with difficulty. Large crystals 
of uric acid, crystals of oxalate of lime, and certain forms 
of phosphates and lithates may, however, be mounted as dry 
objects, but they of course exliibit different characters when 
examined in fluid. 

aiO. PpcHcrvation of Urinary Deposits In the Dry Way. — 

Specimens Avhich arc to be mounted in the dry way must 
undergo the same preliminary washing and drying as those 
Avhich are to he put up in Canada halsam. The same descrip- 
tion will, therefore, serve for both. Sujipose we reejuire to 
dry some crystals of uric acid : — aftc?r the crystals liavc been 
allowed to collect at the bottom of a conical glass vessel, the 
clear supernatant fluid is to be poured off, and the crystals 
arc to he washed with a little dilute alcohol, or wdth a very 
weak solution of acetic acid. When the procerss of w\ashing 
has been repeated tw o or three times, a small quantity of the 

z 
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deposit is to be transferred by means of a pipette to a glass 
slide, and the greater part of the fluid soaked up with a small 
piece of blotting paper. The crystals arc next to be spread 
a little ov(jr the glass, with the aid of a fine iiccdle, in order 
to separate tlie individual crystals from each other, and the 
slide is to lie jdaced in a warm ])lace, or in the sun, until 
quite dry; but care must be taken that the drying is not 
carried on too rapidly, and that too great a degree of heat is 
not (imployed. A narrow^ rim of jiaper or cardboard is next 
to be gummed on the slide so as to include the crystals in a 
sort of shallow cell; and, lastly, the glass cover is to be put 
on, and kept in its place either by anointing the edges Avith 
a little gum water, or by pasting it down Avith narrow strijis 
of paper, Avhich may be variously arranged and ornamentad 
according to taste. 

3211. prcNervatloii of Urinary llrponlfs in Canada BalKavi. 

— Tf the crystals of urw acid are to be mounted in Canada 
balsam, thc'y should be carefully dried first, as above directed, 
and afterwards over sulphuric acid, and then moistened with 
a small drop of sj)irits of turpentine. The slide is now to be 
slightly Avarmed, in order to A^ohitilize the greater part of the 
turpentine, and a drop of Canada balsam is to be drojipcd 
upon tlie ])rej)aration from the end of a wire, Avliieh may be 
readily effected by holding the wire with the balsam over the 
lamp or hot brass plate for a minute or tAvo in order to soften 
it. The slide is next to be held over a lamp, or placed upon 
a hot brass ])late, in order to keep the balsam fluid until any 
air bubbles Avhieli may be present haA^c collected into one 
spot on the surface of the liquid balsam, an operation Avhich 
is expedited by gently moving the slide from side to side. 
Tlu^ air bubbles may now be removed by touching them Avith 
a fine-pointed wire, previously warmed. Lastly, the glass 
cover is to be taken up Avith a pair of forceps, slightly 
Avarmed OA^er a lamp, and one edge is allowed to touch the 
balsam. The surface is perniittcd to fall gradually upon the 
balsam, so that it is Avetted by it regularly, and only by very 
slow degrees, for otherAvisc air bubbles Avould yet be included 
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in the preparation. The glass slide with the preparation 
may now be set aside to cool.* 

321. Prefnervatlon of Urinary Deposits In Aqueous Solutions. 

’ — For the preservation of urinary deposits, most impor- 
tant method is that of putting them up in some preservative 
fluid, for in this manner alone can the characteristic appear- 
ances of many specimens be retained. Mounted in the dry 
way, and in Canada balsam, it need scarcely be said tl)at the 
object presents diflerent cliaractcrs to those observed when it 
was examined in the urine; and altliough the two fornnu* 
methods are of great advantage in examining the structure 
of some crystals, they arc ill adajjted for preserving tlic 
gi’cat majority of urinary deposits, and are wliolly inap- 
plicable for the preservation of cj)ithclium, casts of the renal 
tubes, &c. 

When preservative solutions are employed, the objects 
must always be placed in shallow cells ; and the most con- 
venient form of cell for this jiurposc, according to my cxj)e- 
rience, is thaf wliich is imKle by j)ainting upon the glass 
slide, witli a fine brush, a narrow border of Ilrunswicjk black, 
inclosing cither a square or circular space, as may be most 
convenient. In cas(is where a decpi^r cell is ri^quircd, those 
composed of thin glass or tinfoil arc the most useful. The 
forms of cell just referred to,t 1 can recommend from cxj)(!:- 
rience, for I have many preparations put up in them which 
have been well preserved for some years. 

Preservatii^ Solutions. — Next, with regard to the x)rc- 
servative fluids best adapted for mounting urinary deposits — 
weak sfiirit answers pretty well for some sediments, but as a 
general rule is not suitable for substances occurring in urine. 
Glycerine may be employed in some cases diluted with a 
little water. The preservative g(;latine I have found answer 
exceedingly well for the preservation of dumb-bell crystals 
of oxalate of lime and some other crystalline dcjiosits : with 
care, epithelium may also be pripservcd in it. I have used 

* “ How to Work with the Mic’rosci>)H.*/' C>5. 

f n>Ul, Ijccturu iv. 
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the creosote and naphtha solution most successfully for the 
preservation of casts and various kinds of epithelium, &e. 

Whatever preservative fluid is used, care should be taken 
that the deposi^to be put up is thorouf^hly saturated with it, 
for unless this object be attained, there is danger of the 
preparation being destroyed after a time. 

322. jffetliod of 5«cimratJiiffr tJie nepo^it from ttic Urine, and 
plaeinfc It In ilie Preservative Fluid. — The mosl simpler manner 
of mounting deposits by the use of these fluids is by alloAV- 
ing the sediment to subside to the bottom of a conical glass, 
pouring oft' the supernatant urine, and adding a small qua>i- 
tity of the prescrvjitivc solution. The deposit is again allowed 
to subside, and the solution poured oft*, and replaced by a 
fresh qujintity. After the subsidence of the deposit, a small 
portion may be removed with a pipette, placed in one of tlie 
forms of cells above referred to, and the glass cover jdaced 
on the surface of the liiiuid, care being taken that the 
Avhole surface of the glass be wetted with the solution, in 
order that no air bubbles may ho included in tWh ])reparation. 
Any excess of fluid is now to be soaked up wnth a clean 
cloth, or with blotting jiaper, and the cover cemented to the 
cell by ap])lying a little Brunswick black or other varnish 
with a cameks hair brush. The name of the deposit, with 
any other particulars, is to be appended to the slide, and the 
preparation laid flat in the cabinet. 

In the manner just detailed, the following may be readily 
])rescrved : various kinds of epithelium, O0ts, fat cells, 
toruhe, conferva*, pus, mucus, lithic acid, oxalate of lime, 
lithates of soda and ammonia, and other substances, w hose 
characteristic appearance is not altered by aqueous fluids. 
If lithic acid, oxalates, phosphates, or other crystals, are to 
be put up as objects for examination wuth polarized light, 
th(^y should be mounted in balsam or turpentine. 

323. PrcNervRilon of C^rystals €if Triple Pliospliatc. I^Jystlne. 
— Crystals of the triple phosphate may be preserved in w ater 
to which a little ammonia and muriate of ammonia have 
been added. In this solution tln^ surfaces of the crystals 
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preserve their beautiful smooth charaeter, while iu pure water 
or in creosote fluid the surface becomes roughened rapidlj-. 
Umnb-hells, as I before noticed, may be preserved in the 
preservative gelatine, and they are not liable to shift their 
position iu consequence of being well supported by the Jelly, 
Crj'stals of cystine cannot be prcsftrvcd in the creosote solu- 
tion, because they arc slowly dissolved by it ; but as they arc 
insoluble iu vegetable acids, a dilute solution of acetic acid 
will keep them unchanged. 


On tin* siil)jocts treatfd oi’ in tho ))rosent cliaptor, tlu* foll()win;j^ works iiiMV 
1)0 coiisiiltod : — Urinary DopoHits/* by Dr. (toldin*:: Ilird, liftli odition, oditod 
by Dr. Dirkotl. “ Disoasos of the Kidney/’ by Dr. .Johnson. “ Hrij,^btsohe 
Nienaikranklieit/* Braunsehweijj^, 1851, by Dr. Kreri< lis. Mt'dioal Ubeinislry/' 
by .1. K. Bowman. “ J’hysiolojjcieal Uheinislry,” 1 binann, translated- by tlu* 
Cavendish S(K‘-icty. “ 'rraite do Chiinie Anatomitpi t‘t Bbysiolojj^iqne,” Bobin 
and Verdi‘il. “ I,<t*hrbueh dor Zooeheniu*/* Heint/. Berlin, I85ib Selnnidt, 
oj). oit., chajiter iii, “ Tabk‘a for the Kxuminatinn of Urine/* and “ lllus- 
tniiions ot* Urine, Urinary Deposits, and Calculi, ’* by Dr. Beale. Papers in 
the Artjhives ol* Medicine/’ edited by Dr. Beale. 
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CHAPTER X. 

Of Moriud Growths. — General Characters of Morbid 
Growths. — Morbid Growths which resemblp: Healthy 
Tissues in Minute Structure. — Fibrous Tumours . — 
(Urrtilatjiuous and Bony Growths. — Enchondroma. Mye-^ 
loid. — Fatty Tumours . — Vascular Tumours. — FhlebolithS. 
— Morbid Growths having a Structure different to 
THAT OF Healthy Tissues. — Cystic Groirths. — Colloid 
Tumours. — Cholesteatoma. — Becurring Fibroid Tumours. 
— Epithelial Growths. — Melanoid Tumours. — Fungus 
Hwmatodes. — Cancer. — Examination of Morbid Growths. 
— Preservation of Morbid Growths. 

1 FEEL that to do even scanty justice to the subject of 
morbid growths, would occupy more space than can be 
allotted it in this work; at the same time, it cannot be 
entirely passed over. 

I j)ropose, therefore, to make a few remarks upon the 
nomenclature of morbid growths, and to refer to the most 
important microscojiical characti^rs of some of those which 
very fri'queutly come under the observation of the prac- 
titioner, without attempting to give a detailed •description of 
any. Cpon this subject the reader slioidd consult the works 
in the note.* 

324. On TSaniliiflr Morbid Growths. — TliC elementary struc- 
tures which may be met with in morbid growths have been 
already referred to; tliey are, granules, globules, cells, fibres, 
membrane, tubes. Formerly, it was considered possible to 

• “Lecturosoii Tuiuours,” 1853. Heimett, ‘'Clinioal Lectures/* 1858, 

“ On tlu/ Structure of Tiiinours.*’ “Cancer and Cancroid Orowths.** Jones 
and Sieveking’s “ Pathcdt>gical Anatomy.’* Wcdl’s “ I’athological Histology/’ 
translated by Mr. Husk, Sydcidmui Si>cicty. “ Keporls of tlie Pathological 
Society.” 
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g^ivc a definite name to any morbid gi’pwtli, but since the 
minute anatomy of these structures has been carefully in- 
vestigated many of the received names were found inappro- 
priate, and as fresh pccularitics were discovered, attemi)is 
have been made to introduce new ones. Most of these 
names are highly objectionable on many grounds, and such 
terms as encephaloidy colloid^ myeloid, jibroid may be applied 
to a number of structures difterciit in their history and 
progress, in the results to which they lead, as well as in their 
minute structure and chemical composition. Tlicrc can be 
no harm in saying a growth has a consistence and colour like 
brain, or gam, or resemidcs cells found in the nKulullary 
cavity of bones, or lias a Jibrous appearance^ because we only 
refer to one of its characters, and there may be many 
growths agreeing in this, although they differ widely in other 
essential particulars. If, however, wc say it is an encepha-^ 
Ionia, or a colloid tumour, &c., wc arrange it in a distinct 
class w’hicdi can only include growths agreeing exactly with 
each other in [dl important chanudc'rs and vital endowments. 
It is therefore our duty in alluding to the characters of a 
tumour, to investigate its minute structure, and ascrtu'tain as 
far as possible, its history, instead of merely attemjiting to 
assign to it a name, such as, scirrhus, Jibrous sarcoma, &c. 
This is especially important in the use of a word lik(^ scirrhus 
which has been the means of introducing nnudi candessness 
in the nomenclature of tumours. There can be no doubt 
that many tumours have been called scirrhus which were 
merely Jibrous and vice versa. As a consequence, confusion 
in the use of the terms malignant and benignant has result(*d, 
and from this slovenly method of classificiition we can liardly 
anticipate any but the most erroneous conclusions from 
statistical inquiries applied to investigating the frequency of 
the occurrence of these growths, their association wdth other 
conditions and questions which can only be determined by 
researches of this nature. As yet wc know too little of tlic 
anatomy, mode of development, and history of morbid growths, 
to attempt anything like a systematic classification, and it 
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seems to me much more important that we should endeavour 
to give good drawings of the structure of the growths with a 
short description of their most im])ortant characters^ .than 
attempt to give them names, still less to hide our ignorance 
of tlieir real nature by the use of such imposing hut ill- 
defined terms as, Fibrocystic sarconia^^^ OyVmdroma,^^ 
CholcsteaioiHay^^ and many others, which merely embrace 
one or two cliaracters, and may, with mucli reason, include a 
number of structures essentially distinct from the one in 
question. Rather h't ns say that a tumour is like brain or 
marrow, or that it has a fibrous, cartilaginous, vascular, 
glandular, or osseous a])])eaj'ancc ; or that it contains plates 
of chol(!sterine, or cysts, &c.; or that it is composed of fibrous 
tissue, (q)itholium, cancer cells, mucous tissues, a gum -like 
material, &e. If we do this, any one who examines our work 
afterwards cJin form an idea of what we saw, while by merely 
attaching a nanu* to the structure we simply add to the doubt 
and confusion which already exists, espc'cially as the meaning 
of the term we use will, in all prol)ability, be much altered 
in the course of a few years. 

:I2K. fiStmeral Cliarartcrs of Morlilcl Growtlis. — Morbid 
growths and tumours are met with in various parts of the 
body, sonietiines api)eariug quite superficially ; sometimes 
united to the adjaecuit tissue by the intervention of a long 
ntirrow j)ediel(' containing the necessary vessels and nerves for 
the supply of the tumour; while in other instances w^c find 
tumours deeply embedded in the substance of solid organs, 
such as the livt'r or brain, and deriving their nutriment from 
every point of the surrounding texture. 

A tumour may be produced by the rapid growth of a 
tissue at a particular point, in which ease it consists simjdy 
of the elements of this tissue. Fatty tumours, certain 
tumours of a fibrous structure, exostoses from bones, and 
many others, arc produced in this ww’, and, as might be ex- 
pected, but little difierenee can be made out between their 
minute structure and that of tlie tissue of which they are, as 
it were, the off-growth. In other instances, however, and 
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these extremely numerous^ the morbid growth is found to 
possess a structure of a much more complicated character; 
and akhou«:h it iiiav contain the elements of one or more of 
•the tissues in a healthy state, it cannot he compared with any 
normal texture of tlic body; and it is very difficult to point 
to imy special characters by which many of these growths 
could be grouped together in well-defined classes. 

Although there arc certain points in which many grow ths 
resemble one another, it is often very difficult to apply to them 
any specific name. TCot only is there a difficulty in defining 
the different tumours l)y their microscopical eharact(u*s, but 
the so-called benign tumours pass by almost inipc'rceplihle 
shades into those of a malignant and dangerous natun*. 

In taking a geiuiral survey of the more common morbid 
growths which are brought uiidi^r our notice, and examining 
carefully into the tissues involved, or inquiring from what 
particular t(*xture the morbid structure has originally sprung, 
we cannot fail to remark the peculiarly localized condition 
of many of them. Oftim an enormous mass a])pears to have 
been fornu'd by the rapid and circuinscnl)ed grow th of one 
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or more elements of a tissue. By a redundant growth 
of epithelium on some part of the cutaneon.s surface, large 
warts are produced ; — by simple hy])ortrophy of the sub- 
cutaneous areolar tissue of the leg and foot, or of that of the 
scrotum, most formidable diseases are caused ; subcutaneous 
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filirous tumours dejKind upon a morbid development of tlie 
same tissue, only it is circumseribed instead of affecting a 
large extent of surface. Fig. 2iG shows the general appear- 
ance of hypertrophied areolar tissue. The specimen from 
which this drawing was made, Avas taken from the scrotum 
of a patient operated upon by Mr. Fergusson. Uporr the 
addition' of acetic acid to the preparation, the fibres of the 
yellow element, fig. 2 17, became very distinct. By a rajiid 
and irrctgular development of epitlieliiim in various parts, 
either of the cutaneous or mucous surface, which extends 
inwards, and gradually invades deeper structures, a class of 
tumours and ulcers arc produced which have been deservedly 
teniKHl maluinant,^^ in many senses in whieh that word 
has been used. From their general resemblance to true 
cancer. Dr. Bennett has grouj)C(f these growths under the 
term cmicroidy 

The truly cancerotis groivths frequently commence deep 
in the substance of a tissue, and gradually make their way 
towards the surface : they arise from a peculiar condition 
of the systcmi generally, whieh avc know, in many instances, 
to he her(‘ditary, and they often exist in diflerent and very 
distant parts of the body at the same time. The cells, of 
Avhich tlu'sc tumours are in great part composed, ]>ossess 
an inhenuit i)ower of multiplication, and there is reason to 
believe that if even’ a little of tlic fluid they contain be 
crarried to distant parts of the body, it may give rise to tlic 
development of germs of other tumours, wdiich shall encroach 
upon tlu' structure in Avhich they may liave taken root. 
Schroeder van d('r Kolk holds that from the fluid of a 
morbid growth cells may be developed, which increase until 
a tumour like the original one is formed. Dr. Bennett 
entertains a similar opinion. The tumours thus formed 
usually resemble the first one in their essential points of 
structure, but differ from it according to tlie nature of the 
tissue which has been invaded. If for instance, the growth 
takes place in a part wlierc areolar tissue is abundant, and 
where there is considerable resistance to its increase, Ave may 
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expect to find a hard, condensed, and fibrous tumour; but 
if the growth commences immediately beneath the surface 
of the peritoneum, or in a like situation, wliere it will 
•encounter little resistance, a tumour of a very difl’orcut cha- 
racter will be produced. In the latter case, a soft, spongy 
structure will probably be formed, in which the cells bear a 
much larger proportion to the fibrous cdemcnt than in the 
former instance. 


M0KUI1> (JUOWTllS WHICH ItESEMDLK 1IEAI.TIIY TlSSFES IX MlXI'TB 

STUXrCTl UE. 


320. FiuriniN TiimoiirN. — There are a vast number of 


morbid structures wliicli may be said to be JihrouH, Avliieh, 
however, difler very mueh from each other in important 

characters, as for in- 



stance in tludr mode 
of origin, rapidity of 
growth, and minuter 
structure. Some nvc 
composed of exceed- 
ingly delicate fibri‘s, 
others of wi(U‘ fibrous 
bands liaving distinct 
nu(‘I('i seatt(*red in 
them. In some a 
iiunibcr of ininute 


Nucltifitcd fibrous tumour, from Iht* tonpuc. x 215. a. Part 
whero the Cflls arr very di.'jtiiirt. <1. Fibres seen to bo oou- 
tiinious with the cells, c. Small lobub; only runtaininp a fow 
Cl lls, and shouiiip the luaiiiior in which the tumour prows. 
M. It., CFi. 


cells may ho dctccttnl, 
while others seem to 
bo comjjosed of fibres 


alone. Much differtmee iu structure is often observed in 


different parts of the same tumour. Iu many cases this is 
to be ascribed to age. 

Fibrous tumours may be connected witli the skin, mucous 
membrane, glands, muscle, nerve, bone, cartilage, and other 
textures. They may arise froip the normal fibrous tissue 
of the part itself, or they may be developed in a new material 
effused into the original tissue of the part. Some arc exceed- 
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iujfly soft, and consist of a delicate network of fibrous tissue 
containing a soft albuminous material in its meshes. Others 
are almost of a cartilaginous consistence, and not a few 
contain bone. Fig. 2 IS is an example of a rare form of 
fibrous tumour, in which the nuclei are very abundant. It 
was removed from the tongue of a patient, and had been 
growing about two years. It was jjuinlcss, an^ very sloivly 
increased to the size of a pea. This sx)ecimcn was sent to 
me by my friend Dr. Eade, of Norwich. 

^riic observer should examine the tumour in several parts. 
S(>ctions may be made by Valentin’s knife, an ordinary 
.scalj)el, or strong knife, according to the consistence of the 
tumour. 


In the examination of fibrous tumours, advantage will be 
deriviid fi-om the use of i/hjeerinc, acetic acid, and noJution 
i,„ ,,,, of soda. In de- 


miei-o- 
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^fibrocystic sarcoma^ fee., and to give a simple description of 
what has been seen with drawings, whenever it is possible to 
make them. 
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Involuntary muscidar ^fibre sometimes becomes so 
thickened, as to give rise to the appearance of a fibrous 
tumour. In many cases of the so-called cancer of the 
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})ylonis, the tumour consists entirely of bands of coarse 
uiistripcd muscle. Fig. 219 represents the appearance of a 
section of a tumour of this description^ ^yhieh was sent to me 
M)y T)r. Halb of Brighton. It was taken from the body of a 
patient who liad vomited sareime for a eonsideralde period. 

327. CartllagrinoiiN and TiiiiiourM. — jMiillcr was the 

first ol)server who described cartilaginous tumours under the 
term (nt chondroma. In strueture they elosedy resemble car- 
tilage. Bone is not unfrcquently developed in tluun, but 
sometimes calcareous matter in a nodular or granular form 
is deposited. AVhen softening, Avhich sometinuvs oe(*urs, lias 
taken place, the tumour mueh resembh^s soft eaneer. Accord- 
ing to Professor Ihuinett, the cells may be distinguislu*d from 
cancer cells by the action of a(‘etic acid, wliicdi produc(\s a 
marked dinerenee between tlie cell wall and niudeus of tin* 
eaiUHT c(‘ll, l)ut affects th(‘ emtire cartilage (*(‘11 alik(‘. I'nclion- 
drorna occurs in couiu'ction witli various bones, and occa- 
sionally with fibrous textures not in the lu'ighbourliood of 
l)on('s, as for instance*, in the t(\sti(*1e. 

Th(* (?liaract(’rs of enrhondromaiotts tumours have b(*(‘n 
des(*ribed in § ISl), and those^ of myidotd tumours in 192, 
to whieli the retidc'r is ix'ferred. 

Bony (h'Oicths are! generally found projecting from bones, 
and are seldom met with in connection with th(! soft tissues. 
As is w(*ll known in old age bone is liable to be formed in 
tlie permanent cartilages, and not unfr(‘(juentlv it is met Avitli 
in librous tissues. AVhen the bony growth projects from tlu! 
ext(‘ri()r of a bone, it is t(*rmed an exostosis, '^riiese ar(! par- 
ti(*ularly common in old rh(‘umatic cases. Myetoid yrowths 
(]):ige 173) gcm^rally originate in bone. Bony growths have 
(‘ven b(*en found in the eye. Prof(*ssor B(*nnctt quotes om^ 
ease in the ])()sscssion of Dr. Fiirg, of Alunich; Dr. Kirk 
refers to another, and my friend Air. Ilulkc has*rc*port(*d two 
v(*ry interesting cases,* 


* “ (Uiiiiciil Lec tures/' seeoi.d e4l’tK>ii, hy^Dr. UeiinetL. “ Moiitlily .Luirnal 
of Aledieiil Science/' Noveniln'r, 18511, Ur. Kirk. “ I'athologienl Society’s 
Transactions/’ Vol. viii., j ago all), Mr. Hulkc. 
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Both cartilaginous and bony growths sometimes recur 
after removal, and become developed in various parts of the 
body like cancerous tumours. The bones are the scat of 
develoj)mcnt of many forms of cancer, but several instances ’ 
are recordc^d of osseous tumours being developed in various 
organs in consequence of the original formation of a tumour 
connected with bone. I examined an interesting case of the 
occurrence of cartilaginous tumours in the lungs some time 
since. The original tumour was developed in the thigh, 
wliich w\as amjmtatcd by Mr. Fergusson. The tumours in 
tlie lung exactly resembled the original growth in structure.* 
Thin sections of hard tumours may be made with a very 
firm, strong knife, or by grinding a thin piece removed with 
a saw^, to the proper degree of tenuity, according to the 
method employed for obtaining thin sections of bone.*t* 

328. Fatty TiiiiiourH have a structure resembling that of 
ordinary adipose tissue. 'Jliey are often found in connection 
with the normal fatty tissue of the body. Some of them 
contain a considerable quantity of fibrous tissue. The sub- 
cutaneous adipose tissue, especially of the nose, is liable to 

increase considerably in quantity, pro- 
ducing horrible deformity. This con- 
dition is termed lipoma. Fig. 250 shows 
the structure of a large fatty tumour 
connected with the testicle, which 
was removed by Mr. Fergusson. This 
tumour was as large as the head, and 
was in part fibrous and partly fatty. 
After fatty tumours have been pre- 
served for some time, crystals of mar-^ 
garble form upon the surface of the 
oily fat, as represented in the drawing. 
Some fatty humours w hich contain a quantity of fibrous 
tissue as well as adipose vesicles, are termed steatomatous, 
Stcatoma is also applied to encysted tumours originating in 

* “ 'rrunsjictious of the Tatliftogical Society,” ^^o\. v., page 321, 1851. 
f “ How to Work with the Microscope,” page 67. 


yi\r. 



lijirjri' fnt vrsich’s, willi crys- 
tals <jt nuirjzariiio, trom a larjic. 
tumour numccicd with tlir trs- 
tirlc. removed hv Mr. Fergusson, 
X i:i(). 
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tbc sebaceous follicles, and containing a soft, pulpy material, 
ricb in fatty matter, but not containing fat vesicles. Tlie 
fat is in tbc form of small globules or merely granular. 

* 320. Tascnlar Tumours are those wbicb consist ])rincipally 

of small vessels. Aneurisms by anastomosis are of tins 
cbaractcr. Tbe tumour contains besides vessels a certain 
quantity of fibrous 1;issue. Many of these tumours consist 
principially of veins of considerable size, but others are 
formed originally of capillaries which undergo considerable 
dilatation. Vessels in various organs are liable to become 
varicose and sometimes irregular dilatations are met with 
in the brain, retina, and in glandular organs. Cancerous 
tiunours arc often very highly vascular. The so -calk'd 
Fungus hannalodes is a malignant tumour iniiltrat(ul with 
blood and containing a number of gorged vessels. The pre- 
sence of the cancer cells, however, if these be well marked, at 
once determines the nature of the tumour. In some of these 
vascular growths there can be little doubt that tlie vessels 
are developed in the structure itself, from cell.s, as in 
embryonic tissues. When an opportunity offers of investi- 
gating the stnicture of these growths, the tumour should be 
injected with size and glycerine slightly tinted with Prussian 
blue injection. 

The microscopical examination of aneurisms and tumours 
connected with the larger vessels is conducted in the same 
manner as the examination of the coats of the vessels in 
health. 

330. piiictooiithes are hard rounded bodies which are not 
uncommonly found in the cavities of veins. They arc more 
common in the veins of the pelvis tlian in those of other 
parts. Sometimes the vein is obliterated and the concretion 
apj)ears to be connected to adjacent parts mendy by a 
pedicle. They consist of phosphate and carbonate of lime 
with animal matter. The materials are deposited in succes- 
sive layers, and the most internal ones being the oldest 
contain the largest quantity of inorganic material. 
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MOHBID OkOWTHS, having a SriirCTL'RE HIFFEBING FBQM THAT OF 

Healthy Tissues. 

331 . Cystic arc iTict with ill almost all parts of 

the body. They arc jiroduccd in many different ways and 
their contents are various. Some arc filled with a perfectly 
transparent fluid as linijiid as water; Others with a thick 
pasty material ; and some contain perfectly hard calcareous 
matter. 

C'ysts may be produced in several dificrent ways. 

1. If the duct of a gland be obstructed, the secretion 
accumulates behind the occluded point, the tube in eonse- 
(jiKUiCt^ dilates and a cyst is at length produced with probably 
ultimate destruction of the gland structure. The contents 
of the cyst undergo gradual alteration and often when ex- 
amined ar(‘ found not to resemble in any way the secr(‘tion 
of the gland. In this way cysfic tumours conncctc‘d with the 
ducts of the s(‘baeeous, mammary, salivary, and other glands 
an* formed, and in some (aises the Avhole kidney has been 
converted into one large cyst from obstruction of the 
ureter. 

In the same manner the iirinifcrous tidies give rise to the 
dcvehipnu'nt of (*ysts in the cortical and medullary portion 
of the kidiKW. 

2. Ily the increase in size of the areohe or spaces between 
the structures entering into the formation of diflerent glan- 
dular organs. The small serous evsts in connection with the 
villi of the placi*nta, and choroid jilexuses of the brain, and 
(H'rtain cysts met w ith in the liver, kidney, and other glandular 
organs, are probably formed in this manner. 

3. Ily the gradual formation of cavities by the degenera- 
tion and absorption of portions of the normal structure. 
The spaces thus formed become occupied with fluid and a 
smooth wall is gradually formed upon the interior of the 
cavity. Some cysts which are met wdth in the brain, liver, 
and other solid organs are probably formed in this manner.* 

* Sw Archivos of Mcniiciue/' N(». I., page 83. 
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1. By the increase in size of a single coll, the walls of 
which become thickened by the deposition of new material. 
The cavity of the cyst is supposed to correspond to the cavity 
of the original cell. 

The wails of these cysts are composed of fibrous tissue, 
and not nnfrecjncntly bone is deposited in them. They vary 
much in vascularity and sometimes the lining menjbrane is 
soft and spongy, occasionally covered with small pai)illary 
elevations and invested with a cellular layer. The character 
and inimber of the cells vary much. 

The characters of the fluid found in many cystic growths 
is described in § 2(59. 

:i32. c^oiioici TiimoiirN are soft and jelly like. Tin y are 
composed of a viscid albuminous matca’ial, held in the meshes 
of an exceedingly delicate network of fibrous tissue in wlii(‘h 
the vessels ramify. In m?y[iy cases, a numbe^r of round or 
oval cells containing oil globules arc observed in the course 
of the Avails of the ar(‘,olie. 

Colloid Cmtrer has been apj)lied to tumours of this 
description Avhich are more rich in cellular ehmumts and 
prone to a])pear in diflerent parts of the body. 

By some the (n^arian iumour is considered as a form 
of colloid^ but, its history and mod(‘ of devcloj)m(mt differ 
from the gum-like groAvths met Avitli in other localities. 
DraAvings of good ('xamples of colloid tumours Avill be found 
in Vol. of the Transactions of the Pathologi(*al Society,'* 
page 320.* 


* Tlio ]>c<'uluir app(‘siraiK‘(‘ of tlifso ^rowtlis is dm* 1(; llic laiyo aiiuxint <»j' 
allaiini'it Oit*y contain. I found Oie coinj»ositii»n of one wi i;^liinjL; 
rcinovcil Ihu)! tlic call’ of tlic )>y Mr. Fertrusson, to !>*■ as fullnws: 


AA’ater lK»l*Uo 

Solid matter Do 10 

Extractive soluble in water 15-20 

Albumen (>1'20 

Fatty matter r>'r>a 

Alkaline salts 7*b0 

Fart b y salts 2 Ho 

Sulpburic acid 1*05 

l^liosjdioric acid 2 01 2 

2 A 
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The so-called colloid corpuHcleSy are small/ round, or oval 
bodies composed of several layers of a clear transparent 
substance. They have l)ecn described by Hassall, Virchow, 
Kdllikcr, and others, and liave been termed corpora amylacea 
by some f)b.servcrs.* They have no connection with the 
colloid growths and arc only alluded to here in consequence 
of the term colloid having been applied to them. 

33S. ChoicHtcatoma is a rare form of tumour, which was 
first described l)y Muller. Besides containing much fatty 
matter and crystalline plates of cliolcsterinc, the soft jmlpy 
material of which these tumours consist, is composed of a 


Fig. 



KKKfthb ) 1 ( i I X 215. 

Cliolralcjitonia. — a. Large ccllrt. of which the laniiiuc forming tlic pearly scales were com- 
poseil. Some Jif thcHC are shrivelled and llattencd, reseiiihling the Buperticial scales of the 
epidermis A. Fibrous tissue from the inner surface of the capsule, c. Crystals of cholesteriiie. 
0)1 globules and granular mutter are seen in various parts of the field. 

number of glistening pearly scales, which may be easily sepa- 
rated into very thin laminjc. ITpoii examining these with a 
power of 200 diameters, they are seen to consist of egg-shaped 
vesicles. They are for the most part perfectly clear, l)nt 

• SiH* § 1G9, page 14 (k 
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some exhibit a sli»:litly granular appearance. Others again 
resemhle cells of the cpiclcrmis which have been soaked in 
nitric acid. The peculiar structure of these tumours is repre- 
sented in fig. 251, which was kindly sent me by Mr. Simon.* 
As the reader may have inferred from what has been 
already said, there are no specific characters which will 
enable us to say in every case if a growth be malignant or 
benignant ; neither arc there any characters by which the 
so-called true cancer cell can wdth certainty be distinguislu'd 
from every other kind of cell. There are many forms of 
bony, cartilaginous, and fibrous tumours which are d('veloj)ed 
in diflerent parts of the body, and which return if (‘xtirpated. 
These may fairly be termed cancerous or malignant , IMiere 
appears, indeed, to be a class of growths between the so-called 
benignant and malignant tumours, — or in other words, in 
examining the structure of tumours, one cannot fail to observe 
a gradual transition from the slow growing and hannl(*ss 
tumour containing scarcely any cells, to the rapidly increasing, 
and perhaps soft, spongy, malignant growth, consisting almost 


The cliomiciil composition of tliis Inmour was as follows 


Water 

Solid matter 

Extractive soluble in water and aleoliol 

Extractive solubk* in water oidy 

Fixed alkaline salts, con.si^tin».^ of sul- \ 
])hates, chlorides, jdiospliates, carbo- > 

nates, with a trace of iron ) 

Fatty matter 

Albuniiiaais matter insoluble in boiling ) 

wattT J 

Earthy salts, consist inj^ of jdiospliate and \ 
siil]>liat(* of lime J 


us lollowf 

\ 

87-7S 

1 2*22 

111 lUI) p:trts of 
holul nialti.'r. 

21 FJ 

25 52 


H- M 

•2b(> 

a-21. 

•052 

•12 

0-i)00 

57-27 

•Cos 

1-07 


The extractive matter soluble in aleoliol ha<l the same ]H‘eu]iar smell as tlu* 
mass itself. Tlie odorous material was volatib-,, and was pn^sfiit in the thud 
which ])asst‘d over in distillation in considerable ipiantity. 'i be fatty matter 
was treated witli alcvdiol, but no cbolesteriiie crystallized out, probably in <‘on- 
secpienee ()f being jirotected from its action by the bard fat ]>n'Si*iit. ''ria* total 
quantity of fatty matter was so small that no furtla?r ex]>eriinejits could lie 
resorted to. It should be borru^ in niind^ that an aiiiouiit oi' cbolesterine wlne.li 
when examined in the niici*osco])e would be accounted eonsideiable, is (»l’ten so 
small as not to Ik* appreciable by tlu* balau<-e. ** Areliives of M«*dieine,” No. I., 
page 42. 


2 A 2 
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entirely of cells and vessels. The so-called recurring fibroid 
tumour and certain forms of ejnthelial growths are examples 
of this, and while they do not possess all the characters com- 
])ris(id in the term malignant, they cannot be looked upon as 
benignant, 

334 . Ueciirrini? Filirold Tumours. — This term has been 

apjdied by Mr. Paji^ct 
to a form of fibrous 
tumour wliicli returns 
after extir])ation. 
They arc hard and 
firm, and consist of 
elongated cells and 
long fibres })rolonged 
from small cells 
arranged in an arched 
:? manner. It is interest- 
ing to notice, that 
when removed, the 

tiiiiKMir. from tlio tcsticlo, x SlTi. h. Tihres imW glO\\ths, dCCOl d- 
P(*])jiriii cd from CJO’li olher. c Portion of tin* tumour in • . IVlr 

w hirli t he separate aro not disliurt. ('olle.etioiis of oil nig lO All. 1 agll, 
{jrlolmles are scattered tliroui'li this part of the imiHS. Fihri' .1 '1 'f . . .4 

cells of various lurmH are represented. CXlll 1)1 1 U. grcatCr 

ri^sc'jnblanee to truly cancerous tumours than the original 
growth. 

Fig, 252 is an example of a growth probably of this nature. 
It was reinovc'd from the testicle of a man aged sixty. It was 
as large as the fist, and the testicle was adherent to its lower 
and out(T part, but m as not contained in it. This was sent 
to me bv mv friend Dr. Kade, of Norwich. 

335 . Kpiiiieiiai €»ruwtiis. — Ejjithelial Cancer, — Epithe^ 
Uoma. — Tlie tumours included under these heads resemble 
the cancerous growths more closely than any other struc- 
tures. The distinctive characters of these have been care- 
fully invcstigat(ul by Professor Paget.* 

* Seo alst) Boiiiu'tt “ On C^lnc*on)ns aiul (^aneroid (iro\Ytbs.” Lobfrt, 
“ Traito ])niti(iiio dos Maliidios Oancurous^^s i*t dos alU'ctions durable confondiius 
uvi‘o lo Caiicia*.'' Bjigot, ** Leftmvs on Tiiinours/’ AValsbo, “ Tbo 

Naturt' tmd 'rivalnuMit of Cniuvr.** 




THE MICROSCOPE IN CLINICAL INVESTIGATION. 


351 


Under this head are included the following forms of 
disease : cancer of the lip, noli me tangere, cauliflower ex- 
crescence of the uterus, cliimncy sweeps^ cancer, &c. 

Warts consist merely of a supcrahniidant secretion of the 
epithelial cells of the cuticle ; and tlic tubercles, which occur 
on tlic external generative organs, have a very similar 
structure. 

In cancer of the li]), tongue, &c., fissures are formed, 
in Avhich an abundant growth of epithelium takes place, 
accompanied with an ichorous discharge. The edgt's become 
indurated, and as the disease gradually advances, it proceeds 
from the surface, and invades deeper structuri's. 

If a thin section of one of these growths be examined, 
interspaces will be observed (fig. 253), from the walls of 
which the cells apj)ear to grow. The cells often seem to be 
arranged in lamina; ; they do not vary so much in size and 
form as the cells of true cancer; the nuclei do not difl’er 
much in size; they rarely contain many nucleoli, and usually 
• 

Fi-. FiK. 25 K 








C<;ll8 from an epillii’lial canrer, x 215. 


ucllierc to each other by their margins, fig. 204; frequently 
tlirec or four, or more, will he found united togetlier. In 
fact, these cells very nearly resemble, in their general cha- 
ractei’s, the ordinary epithelial cells of the surface upon 
which the growth is developed. 

330. Mciaiiwid Tnmours. — The terms melanosis, melanoma, 
and melanoid, have been applied to those cellular tumours 
which contain a considerable quantity of jugment. The 
colour may vary from a darkish yellow to a purple or black 
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colour. The colouring matter consists of minute granules 
or small masses, varying much in shape and size, which are 
often found within tlie cells in cases where the tumour is 
of a cellular character. ^lany true cancerous tumours con- 
tain mu(;h pigment, and arc said to be melanotic. 

The lungs and bronchial tubes of colliers often contain 
a large quantity of black material introduced into the lungs 
during their work. In this condition the term false mela- 
nosis lias been applied. 

aai. fiiiirtiim iicriiiatfMieM is applied to any soft, highly 
vas(;ular, blcc^ding, fungoid growth. Many tumours, which 
would hav(^ recinved another name at an early period of their 
grow'th, at lengtli assume these characters, and would be 
spok(ui of as fmt(/us hannatodes. Some are composed prin- 
(‘ipally of e(‘lls Avitli larg(^ and varicose vessels, while in others 
the cellular ehmumt is almost entirely absent. 

;i:iH € anccr. — A cancerous growth may be described as 
(‘onsisting of a fdirous matrix, fig. 250, more or less abundant, 
and arranged so as to form areohe, or interspaq^js, upon the 
walls of which the vcssids ramify. These interspaces contain 
c(‘lls in considerable number, suspended in a more or less 
viscid fluid, wdth much granular matter. 

The great dilliculty of deciding as to the cancerous or 
non-ean(‘erous nature of a tumour, aiiscs principally from 
the fact, that no single chmicnt of which the structure is 
eonii)()sed, can be looked upon as characteristic of true cancer. 
Ncitlnu’ tin* eharaet(ir of the cells, nor the nature of the 
matrix, nor the arrangement of the elcm(uitary constituents 
can sejiarately determine the point, and it is only by carefully 
noting the collective appearances observed upon a micro- 
scopical examination, that w^e shall be enabled to decide. In 
tlie great majority of cases, however, it *is possible to si^eak 
with tolerable certainty; but at the same time it must be 
borne in mind that instances come under notice from time to 
time, in which the most careful and experienced observers 
would be unable, from a microscopical examination, to deter- 
mine the nature of the tumour. 
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A cancerous growth, in its microscopical characters, does 
not resemble, and cannot be confounded with any liealthy 
texture ; while many of the non-malignant tumours, in their 
essential characters, bear great similarity to certain healthy 
tissues, or are actually identical with them in structure. A 
section of a fatty tumour cannot often be distinguished from 
a section of ordinary adipose tissue : many fibrous tumours 

Fig. 265. 



Drawings from a case of rancor (lilfuscd tlirougli the entire lixcr. Sent hy Mr. Robert Ceely, 
of Aylrsimrv. Case reported in ‘‘Archives,’' No. II. 

i'he Ppe’einiens were taken from the collections of eancerons matter, and Ironi the intervals 
between tJiem. a. Remains of the sccretirig structure of Ihi* lobules, b. River eel l.s from the 
interval between two colleetions. c, ♦/. Also from the surface of one of tlie. eaneerous masses, 
Hhowing delicate hhrous tissue, cells, and fibre cells. e. Kemains of seereling ei’lls in ihe 
interval between the eaneerous eolleetioiis. //. Fibre cells from tin* suilaet of a colleetioii. 
h. Cells from a short distance within one of the tuiiiours, x 216 , 

resemble ordinary fibrous tissue. Ej)itbelial growtlis fre- 
quently apj)ear to be made up entirely of cells, whieli cannot 
be distini^uisbed from healthy cpitlielium. Again, there are 
certain large tumours of the mamma, uliieh, in intimate 
structure, are found to be composed entiredy of the ordinary 
gland tissue. 

Cancerous tumours have been divided into three principal 
varieties by Dr. Walshe, determined by the relative (piantities 
of the viscous juice, fibrous, or cellular elements present. 
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If the fibrous element be in excess, itlconstitutes scirrlius, 
or hard cancer; if the eells be numerous, enccphaloma, or 
soft cancer; and if the fluid abound, and be collected into 
loculi, or little cysts, it is called colloid canccr.^^ — Bennett. 

Vrom the freshly-cut surface of a cancerous tumour^ a 
more or less turbid juice exudes, which, upon examination 
in ibc microscope, is found to contain cells varying much in 
size and form, as well as in tlie character of their contents : 
a few fragments of fibrous tissue; a number of free oil 
globules, and, perhaps, a few cells containing oil globules ; 
and much free granular matter (fig. 256). 

llpon examining a thin section made with a Valentines 
knife, the relation of these structural elements to each other 
may be observed. Tln^ fibres Avill be seen to form meshes 
or interspace's, in which the cedis and fluid arc contained 
(fig. 25 (k/). In some instances the fibres resemble those 

I’jjr. 2r)7. 




KX^OlJis [ 

Front ti r.tiirmniK hrinoiir. a. 
of libroUR matrix. h. Crlla, mniiy of 
tlicm rout .‘lining smaiirr ones in tlic in- 
Ifiior, X 

of ordinary areolar tissue j sometiincs they consist chiefly of 
fibres resembling those of yellow elastic tissue; and not 
Tiufrcquentlv the fibres become perfectly transparent tipon 
being treated with acetic aci<i, showing the absence of the 
yellow clement. 


_J ! 


21 .-.. 


Small raiuvroiis tnmonr frtmi ft portal 
canal, containing a niunhcr of cells, x 
2ir» ditimt'trrs. From a woman aged tifty- 
ono, wlio dii'd of medullary eaneer of the 
liver, in King’s College llosnital.— 

572 . 
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The cells vary much in size and form : they may be per- 
fectly round, or prolonged at either end into delicate fibres, 
or of most irregular outline (figs. 256, 257). 

They usually contain one nucleus, but very often two arc 
met with, and not unfrequently many more may be observed. 
The nuclei of different cells often differ much in size. The 
nucleus generally contains several granules, and much 
granular matter exists between it and the cell wall. Cells 
are often observed which contain several smaller ones in tlieir 
interior ; these have, on this account, been termed mother- 
cells (/>). The cells readily separate from each other, and 
exhibit no tendency to aggregate together, nor do they 
appear ever to have been adh(*rent to eacdi other at their 
nuirgins. Fig. 257 is a beautiful exami>le of a very young 
cancerous tumour, showing the manner in which the tumour 
grows by the Tnultij)lication of the cells. 

The characters of the growth entirely depend upon the 
locality in which it grows, and a cancer may assume the form 
of a solid, h|ird, or soft circumscribed tumour, a soft sjxnigy 
mass, prone to spread in all directions, and growing very 
rapidly, a highly vascular papillary growth, or other forms 
too numerous to mention. Cancerous growths also dilier in 
density, colour, rapidity of growth, as w(dl as in the form 
and (duiractcr of the cells of which they are comi)osed. It 
is impossible to lay down any definite characters which shall 
in every case serve to distinguish a cancerous tumour from 
other ftrms of morbid growths, but a tumour from which a 
milky juice is poured out from the cut surface, and which, 
upon microscopical examination, is found to consist ])rincipally 
of cells exhibiting the above general characters, and arranged 
in the meshes of a fibrous stroma, may be pronounced to he 
of a cancerous nature. The so-called epithelial growths 
resemble cancerous tumours more closely than other struc- 
tures. These commence on some epithelial surface, either upon 
the skin or a mucous membrane, or in the duct or follicles of 
a gland. The chief differences to be observed in the minute 
structure of these tumours are tabulated as follows : — 
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Cancerous, 

not connect »*d wiili llu* ma- 
trix in a regular iiiuiuier, or forming 
lam i rue. 

(%?11h <liir*Ting irjueh from ciielr other 
ill size ami form. 

("ellH readily Beparable from each 
otlu’i*. 

(V'lls not cf>nne<d<Hl log<*ther at 
tht‘ir margiiiB ; their edge« Beldom 
forming Rtraiglit lines. 

(MIk conlaining several smaller cells 
in tlieir interior ofti'ii met witli. 

Nueha varying inmjh in size and 
numh(T in dilVerent cells. 

.luiee seraped from ihe cut surface 
containing many cells iloating freely 
in the fluid, and not connecteil with 
ear^h other. 


jEpiihclial Growths, 

Cells connected with the matrix, 
often forming distinct lamiiiae. 

Cells resemhling each other in size 
and general outline. 

CJoIls oflt^n cohering by their etlges, 
which generally form straight lines; 
thriH* or four cells being frequently 
found united togetlier. 

Cells usually' containing one nucleus. 

Nuclei not varying much in size in 
difl’erent cells. 

diiio4‘ scraj>ed from the cut siirfacc, 
containing small collections of t;ells, 
wbicih are often connected with each 
other. 


sao. Kxaitiliiatlon of Morblil Growths. — The fluids if any 
exists on the fret', surface of tlie tumour, sliould be first sepa- 
rately exaniiiKHl : secondly, the microscopical characters of 
tlic juice, whicli exudes from the freshly-cut surface sliould 
be ascertained : and, lastly, a thin section oufijht to be made, 
in order to determine the relation of the constituents of tlic 
tumour to each other, and especially the proportions in which 
the (lillereut elements are ])rcscut. Its eonncctioii with sur- 
rounding structures may be seen by examining a tbin section, 
Avbi('h should include a portion of the adjacent texture; and 
these* observations sliould be made first with low powers, and 
afterwards with a ])ower of about 200 diameters. 

Tlic disjiositioii, arrangement, and general direction of 
tlie fibre^s in tlie fibrous portion of the tumour sliould be 
carefully iiotcKl, and the form, size, shape, and contents of 
the cells (especially with referenee to the presence or afiscncc 
of granular matter, nuclei, &c.), should lie especially dwelt 
upon. Every opportunity should be taken of carefully 
delineating the appearances obsened, in order that the 
structure of one tumour may he compared with that of 
others M hieh may subsequently fall under notice, and if tlie 
growth presents anything unusual, a section ought to be put 
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up in some preservative fluid. It is extremely important to 
take every opportunity of looking for very minute cancerous 
tumours. More is to be learned with reference to the 
history and mode of growth, from microscopic tumours, than 
from those of large size. Aceurate notes should be made 
of every examination, and entered in a note book kept for 
the purpose. 

Sections of most tumours, provided they do not contain 
osseous d(>posit, are advantageously made witli a Valentines 
knife. In examining the cells it is better to wet tliem witli a 
little serum or gum-water, for sometimes if water alone be 
employed, they become distended and burst. 

Lastly, the influence of certain clumvical reagents upon 
the sections and portions scrajied from tlu^ cut surface must 
be ascertained. The most important n^ngents in the exam- 
ination of morbid growths are, ac(*ti(^ acid, solution of soda, 
and ether; but tlie stronger acids and other tests will occa- 
sionally be 3'cquired. The two former arc of advantage in 
rendering the tissues more transjian nt, and displaying the 
nuclei. Ether is sometimes required to ascertain if certain 
globules which resemble fatty matU'r, are regally of this natnix'. 

:i4€i. PrcNiTvaiioii of niorifid orowtiiN. — It is exceedingly 
difficult to give directions upon the jircservation of inoi bid 
growths. The structures will require diflerent solutions 
according to tlicir nature. Glycerine to which about a third 
of its bulk of water and a little alcohol have bc*en adchxl 
answers well in some cases, and r(‘tains the character of cells 
better than other solutions which I have tried. Strong 
glycerine is well adapted for the ])rescrvation of aoiwc growths, 
very thin sections of whicli appear oj)aquc wh(‘n examimxl 
in water. But when fibrous structures arc immcrs(?d in 
glycerine, the transparent appearance due to this medium 
must be considered when describing their charactcirs. It is 
very important in this and other cases to subji*ct the same 
specimen to examination in various media. The naphtha 
and creosote solution* preserves many dedicate structures 

* llnw to W ork with tho IJG. 
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very efficiently, but after some specimens have been immersed 
in it for a long time, a number of minute oil globules some- 
times make their a])pearance. The other preservative solu- 
tions whi(;h I have yet tried, so totally alter the characters of 
the cellular tumours, as to obliteral^ all appearance of their 
former structure. I have found it better to cut off small 
pieces of the tumour, and jdacc them in a little bottle with 
the preservative fluid, which must be clianged two or three 
times, than to mount a thin section permanently in a cell, 
liach bottle should be carefully labelled. Sections must be 
cut when it is intended to submit the tumour to examination. 
Tliiu sections ])ut up in cells do not usually keep perfectly 
well. 1 have been many times disappointed iu consequence 
of execllent specimens of cancerous tumours which had 
retained their characters for four or five years at last becoming 
disintegrated. 
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CHAPTER XI. 

Animal and Vegetable Parasites. — Examination of 
Enfozoa . — Tape Worm. — Hydatids, Echinococci. — TrU 
china Spiralis. — Stronyyius Giyas. — Epizoa. — Entozoon 
FoUiculorum or Deniodex. — Examination of Vegetable 
Parasitic Structitres. — ALOyE . — Sarcina Vcntriculi or 
Mcrismopcedia Ventricali . — Other Forms of Alga *. — 
Leptothrix Buccalis . — Fungi . — PenicWium Glaucum . — 
Achorion Schanileinii. — Tricophyton Tonsurans. — Aplha*, 
Muyuet. — Fungus from External Meatus of the Ear. 

Akimal Parasites. 

Under tins head, I shall only attempt to r(‘lcr to the 
structure and mode of examination of a few of tliosi; para- 
sites most frequently met with in the hunuin body. There 
arc many species wliich arc only occasionally obser\(‘d 
and which will not bo alluded to here. For a comph^tc 
account of the animal and vegetable parasites of the human 
body, I must refer the reader to the elaborate work of 
Kuclienmeister, translated for the Sydenham Society by 
Dr. Lankester. 

341 . Examination of Entozoa. — The microscopical ex- 
amination of entozoa does not usually present any great 
difficulty. The smaller species may be examined entire in the 
usual way, but the larger ones require dissection, and as the 
structures are often very delicate, the operation had better be 
performed under water, after the creature is quite dead and 
muscular contractility has passed off. 

Many entozoa are preserved very satisfactorily in gly- 
cerine. I have some beautiful preparations of flukes mounted 
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in this medium which have retained their characters for 
several years. 

Entozoa may l)e mounted in preservative fluids, or dried 
and placed in balsam. 

a42. Tape Worm. — The common English tajjc worm 
(Ticnia solium) is often met with. A fresh joint may be 
placed under the microscope and examined with low powers. 
If dried upon a glass slide, and mounted in Canada balsam, 
it makes a very instructive preparation. The ovaries of many 
joints arc often distended with ova some of which should be 
squeezed out and mounted separately. 

The mode of development of the tape worm is now quite 
understood and it has been proved ex])crimcntally that the 
cysticercus cellulosm becomes in the stomach transformed 
into I^jenia solium. The cysticercus is probably introduced 
into the organism in measly pork ; it has been remarked 
that cases of tape worm are most common in those parts 
where much pork is eat(ui. 

The head of the taj)c worm is not easily procured. It 
may be examined in fluid with an inch object-glass as an 
opaque preparation, or it may be put up in balsam, but it 
must be dried with great care.* 

The broad tape worm {Bothrlocephalm hitus) is seldom 

* <ij' procuring the Head of the Tape Vorm , — It iiiny be advaii- 

tn^o(>U8 ,iust lo ri'for to Ibe most elVectual maimer of obtainiiij^ the beat! of tbe 
ta]H* worm. Of all tlu^ remedies 1 have seen tried, tbe ethereal oil of male fern 
is et'rlainly IIhj most eHieneions. Out of about tliirly cases wlueb wert‘ tnuited 
by tlu' j)bysit‘ians of King’s College lIos))ital, wlu‘u 1 was bouse jdiysieian, tbe 
bead was exjH'lled in six or seven. Some of tbe patients had been treated with 
koiisso, and others with the oil of male fern. All tlu^ sueeessful cases had been 
treated with the latter; indeed, although I laivc seen many cases treated with 
kousso, 1 never was successful in finding tlie head ; the greater part of the 
worm, however, was invariably expelled. The oil of male fern is to be adiuinistered 
as lidlows : — two ilraehuis to half an ounce, according to age, are sus- 
pen(U*d in eight oimees of water, wdth the aid of mucilage. After fasting for 
hventy-four hours (only a little water, or, at most, milk being allowed), the 
patient is made to take the draught early in tlu* morning, and an liour or an 
hour and a half afterwards, a dose of castor oil is to l>e given. The worm is 
nsuidly expelled in the course of the^ day. The fasting appears to be? a very 
important part of tlic treatment, and it seems essential for the oil to he 
8usi>t*nded in a large quantity of water. I have since obtained many entire 
w’orms in this manner. 
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met with in this country. It may be examined and pre- 
served in the same manner as the common tape worm. 

343. Hydatids, Ecliliiococcl. — Hydatids arc not nufrc- 
qucntly met with in the post mortem theatre. They arc 
usually found in large cysts, occuj)ying a considerable portion 
of the liver. The parent cyst is often surrounded by 
a layer of purulent fluid. Hjion opening this parent cyst 
numerous smaller round cysts {acephalocystn) with mucli 
fluid, escape. The walls of the cysts are usually (piitc white, 
not unlike the boiled white of egg; and they vary much 
in thickness. The external sm*face is smooth, i-i}!, 

but the internal appears more transparent 
and granular. The granular appearance ('■ :') 

arises from the presence of little elevations 
with which the surface is studded. lly 
scraping these gently with a knife, not unfre- 
qucntly many echinococci will be removed. Eciiinorocci, x i:, 
Tlie echinococci ma}'’ also be obtained by allowing the fluid 
contents of the acej)halo-eysts to flow into a conical glass. 
After a short time the eehinocoeei sink, jvnd may be removed 
with a pipette. The echinococci grow from all ])arts of the 
iutei’ual surface of the vesicle. Many soon become detached 




Ec]»iiioooct:i, X 'lO. 


Fig. ;25y. 



a ^ f' 

Echinococci, ft. With tlie hooks e.xtrwlcd. h. W'itli tlic neck and .suckers witlidrnun. 
r. Ilooklcts free, x 215. 


from the Avail of the cyst and dje. New cysts are developed 
within the parent one, upon the inner surface of which 
echmococci are also found. The mode of production of these 
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daughter cysts has not been conclusively determined, but it 
is probable they arc formed from the inner wall of the 
parent cyst.* Two species of echinococci have been described, 
E. hominis and E. vclermorum, but the former has been 
found in cattle and the latter in man. 

Fig. 2.08 represents the appearance of echinococci mag- 
nified with an inch object-glass, and in fig. 251) arc shown 
two specimens magnified with a quarter. In one of these 
the hooks are seen to be extruded, a condition which has 
bc^en considered to result from the occurrence of endosmosis 
and commencing decomposition. They may be made to 
jn’otrude their hooks by leaving the opened cyst for twenty- 
four Iiours in the fluid. 

A tliin section of the walls of the cyst shows a laminated 
appearance, and often a considerable number of crystals of 
trijdc j)liosphate will be found, especially if the hydatid be not 
(juitc fresh. The structure of the wall appears homogeneous, 
or at most slightly granular. 

If a little of the fluid from the interior be evaporated 
uj)on a glass sUde, numerous crystals of chloride of sodium 
will be formed. 

Ileintz gives the folhnving jdan for detecting succinic 
acid in the fluid of the cysts. This fluid concentrated by 
evaporation is treated with a little hydrochloric acid and 
agitated with water, and ether free from alcohol, until 
nothing more is taken up. The impure succinic acid obtained 
by evaporating the cthcrial solutions, is dissolved in water. 
The solution is to be filtered and evaporated to dryness. 
The residue is to be treated with alcohol and repeatedly 
recrj'stallizcd. f 

The character of the claws (fig. 259 e) should be par- 
ticularly noticed, as their presence is characteristic of cchi- 
nocoeci. 

Hydatids are occasionally expectorated; usually in con- 

* Siv also 0 <‘oiiiinunication by Dr. Hyde Salter, in tljc fifth voliiine of the 
“ Transactions of the ratholo^ical Society/* page 303 . 
t lleintz, “ Lehrbnch der ZofXTlieinie/’ page 230 . 
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sequence of the cyst in the liver opening into the base of one 
lung. The appearance of the cysts in the sputum will 
generally direct attention to the origin of the pulmonary 
^mischief, but the observation should be always confirmed, if 
possible, by the microscopical examination of the claws or 
hooks. 

The echinococci may be preserved in the creosote solution, 
or in preservative gelatine. The hooks may be readily 
preserved moist in fluid, or dry in Canada balsam. 

344. Tiie Trichina fipiraiis is a rare species of entozoon 
(contained in small cysts, which arc sometimes found in the 
voluntary muscles. It was first described by Owen in 1835, 
altliough it had been seen previously by other observ^^rs. 
The worm is found in the voluntfiry muscles. The tricliina 
spiralis is to be regarded as the brood of the tricocephulus 
disjmr engaged in migration. A beautiful specimen of the 
trichina was given me some time ago by my friend 
DmSaunders. 

345. The CyHticcrcusi Cciiuiosne, like the Trichina, also 
infests the muscles. The ordinary habitat of this entozoon 
is the muscular tissue of the j)ig and Twnia soHum is almost 
unknown wdien pig meat is avoided. Direct experiments by 
Kuchenmeister have proved that in the human intestine, the 
cysticcrci cellulosie become converted in the course of eight 
and forty hours into small tocniie solium. This cysticercus 
has been met with in scncral cases in the human eye, in the 
anterior chamber, in the vitreous, and l)encath the retina, 
and in some instances it has migrated into the brain. 

34G. other Knt<izoa. — The common fluke {Distoma hepa^ 
ticum) forms a very interesting object for examination. One 
species may generally be met with in the bile-ducts of the ox 
and sheep. The small thread worms {ascaris vermicularis) are 
common in children, and are met with chiefly in the rectum* 
The tricocephalus dispar is met with in the coecum and colon 
and is developed from a trichina. ,Thc ascaris lumbricoides or 
great round worm, is usually found in the small intestine. 

The only other entozoon which need be alluded to here 

^ 2 b 
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is the Strongylus gigas^ the largest of tlie entozoa. This is 
very rarely met with in man, but is not unfrequeiitly seen 
amongst animals. It is usually found in the kidney. Some 
years ago I met with three of these creatures, two males and 
a female, coiled up in what had been the kidney of a dog, 
but which was now reduced to a thin membraneous cyst. 
The ureter was quite pervious, and the mucus on the surfac^e 
of its mucous membrane, with that of the bladder, contained 
very numerous ova. For microscopical examination of the 
tissues of this creature, it must be dissected under water. 
The intestine is square and contains altered blood. Tlic ova 
form beautiful objects. 


Epizoa. 

The only epizoa which need be referred to here, arc the 
itch insect {Aewrus scafricl) and the eutozoon from the 
sebaceous follicli‘s (entozoon^ or (lemoiltw foU'icalormn), Tlie 
first is rather difficult to procure, ^i^cy 
may sometimes be extracted from the itch 
j)ustules or vesicles by ])assing a fine 
needle into the burrow, the opening of 
which is always at the side, and may be 
known ])y the presence of a little dark 
point ; but this Acarus will only be found 
in a few instances. The male is much 
smaller tluin the female. They may be 
dried carefully at a gentle heat, and pre- 
served in Canada balsam. The itch mite 
bores into the skin from the outer surface. 
At first the direction of the gallery is 
perpendicular, but it passes obliquely 
through the cutis. In order to obtain 
the mite, the Corsican women passed a 
needle or other sharp pointed instrument into the opening in 
such a manner that it might be forced below the mite, the 
portion of skin elevated, and the acarus turned out. The 
process requires some practice and dexterity for its per- 


rig. mi 
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10iitt)7.oa folliruloruni, 
Iruin llic external auditory 
meatus. a,<\ Short variety. 
If. Iwoiig variety, x 215. 
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formauce. In order to examine the crallcrics the creature 

• ^ 

makes, tlic skin, with the vesicle or pustule, is to be pinched 
lip, and the latter shorn oil* with a knife or scissars. It is 
then invertcul and allowed to dry slowly on a glass slide, 
wbcii it may be mounted in Canada balsam.* 

34*7* Tiie Kiitozouii Foiiieuioriiiii is generally present in 
the follicles of tlie skin of the scalp, chin, and other jairts of 
the face. It may usually bo procured very readily from the 
nose, by scpieczing out the contents of the sebac(‘Ous follicles 
by pressing the skin hrmly between the finger and thumb, 
or between two of the finger nails. The white chei'sy 
matter thus expressed must be torn with needles, and then 
placed on a slide in a drop of oil, and covered with thin glass. 
One or two of tlu’; entozoa will usually be found. Tlu^re arc 
two varietic's, and tlu'se are (‘onstanth^ met with in the same 
individual. One is much longei*, and the body more thin 
and taper than the other.f 

I have found them in eonsidenable mimb(U‘ in the wax 
which collects in the ear. If the wax is tolerably moist the 
addition of oil is unnecessary. 

VjXiETAin.E PAKASlTie StKUCT LT UKS. 

There arc ceilain vegetable structures of a very low 
organization, which not unfrcipiently fall under the noticre of 
the {iractitioncr. Some of these are found growing upon the 
surface of the skin or mucous membrami in certain forms of 
disease, while others are met with in the recent fiiiid secre- 
tions, or become developed after the secretions have kTt the 
body. All these vegetable parasites belong to the class 
Cryployamiay and to the orders Al(f<e and Futu/i, A few of 
the most important species will be briefly referred to. 

Algae. 

34S. *Sareiiia Ventrirullj: or erisnif»|i€rflla Vontrlciill. — 

This alga was originally discovered by Cioodsir, in 1812, 

* “ Kuclieiiiufisti.*r’s Maiiuiil,” Sytfeiiliuiii S<K*iety, j>a'rr* 25. 

f Todd and Howniaii’s “ I'liysiology,” Vol. i., 425. 

X M. Kobiii has arranged it under the genus Merismopuidia (Mcyen), and 
he calls it Merismopa*diii veutrieuli. 


2 B 2 
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among the matters vomited by a patient. Since this period 
it lias been found by a great many observers, and, indeed, 
may now be looked upon as by no means uncommon 

The vomited matters in which it occurs, have usually, but 
not invariably, very mucli tlic appearance of yeast, and fer- 
mentation proceeds for some time after 
they have l)ecn ejected. In vomit pre- 
seiitin|:jf these cliaracters, the sarcinte 
are, I ])elieve, never absent ; but they 
liave been found in other cases and in 
other situations : by Lebcrt, in a case 
of cancer, accompanied with black 
vomiting; and by myself in a case 
in wdiich there W'as a very abundant 
ejection of coflec-ground vomit for a 
few days before death. In this vomit 
the sarcinaj were very abundant, bu€ 
there w’^as no tendency to fermentation. 

The sarcina has been found in the urine, tlirec times 
l)y llellcT, once by I)r. Mackay, of Edinburgh, twice by 
Dr. Johnson, and twice by myself.* In the heccs it lias been 
met with frequently by liennett and Hasse; it was observed 
by Virchow in an abscess of the lung, and once by T)r, Jenner 
in the Iluid of the ventricles of the brain. 

Seldosslxirger considered that the sarcina was only dis- 
int(\grated muscular libre. A moderately good glass, how- 
ever, will convince any one that its structure is very diflcreiit 
from that of muscle. 

Various jilans of treatment have been employed to prevent 
the development of this a/^n^ but hitherto with very imperfect 
success. IIyposul})hitc of soda has been found advantageous 
in some cases, but the disease was not cured. Great relief to 
the burning sensation which frequently occurs in these cases 
is exj)erienced by the use of* large doses of common salt. 

For tlu' opportunity’ of t>l»sorvinjj tlio sarciiiii in one of these cases, I hiiva 
to tluuik my friend Air. Brown, of Lichfield. 





Shirrh ifnirnilcN njiriially diH* 
niul remicred iratiH- 
pui'tMd. r. Miiiuii; oval litiimi 
UHuully ])n:Si'nl iii vomil roii- 
Hiirciiiir. </. ViWnoiirfl. 
f‘. Oil /'. Sliircli 

;rlolmlc Iroin broiKi, cnK’kcd 
but not as yot Holtcnod, 215. 
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Cases of this disease^ with remarks, will be found in the 
elinical lectures of Dr. Todd and Dr. Budd.* 

In all the cases which have come under my own obser- 
vation, the matter in which the sarcina was present was acid, 
although in several instances, in consequence of tlie ejection 
of much clear fluid (pyrosis), the vomit generally had an 
alkaline reaction. But in these cases, the brown floccadi 
which contained the sarcinae were intensely acid. The sarcina 
is^gcncrally, but not invariably, accompanied with a great 
number of oval toruhe, which vary considerably in size and 
form in ditterent cases (fig. 2Glc). These toruhe wen' not 
present in the specimens of urine which contained the saiTanie. 

By the action of acids and alkalies the sarcina becomes 
paler, l)ut is not destroyed by these reagents even if warm. 
The cells, however, cxhiliit a tendency to separate fi’om each 
other in a quadruplicate manner. Iodine communicates a 
slightly brown colour to it. It is not destroyed by the 
decomposition of the vomited matters in which it was 
developed; but in one case, in which it was present in I he 
urine, the cells were completely broken down, and all tracies 
of them lost, as the fluid decom])OS(id and became alkaline. 
The development of the sarcina has beem investigated by 
IVeriehs in a dog with a fistula in his stomach. 

other ForiiiM of aikw are found in different situa- 
tions; for instance, in tin? cavity of 
the mouth, especially towards the 
back, mixed with, and adhering to, or 
growing from the cells of epithelium, 
will be seen, with a power of 200 or 
higher, a vast number of little hair- 
like bodies, which consist of filaments 
of a very minute alga {Lejjlotlirix 
buccalis). 1'he filaments grow upon 
any small particles of food which may tiVu tuctiirx 
remain entangled in the epithelium of the mouth. The 
papillae at the back of the longue are thickly cown d with 

* “Medical Times and Gazette/' May 2iid, 1851. 
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very long filaments, consisting almost entirely of this alga 
(fig, 202); it is very abundant between the teeth, and the 
so-(;alled tartar is j)artly eomposc^d of it. 

Tlie vibrion(‘s, mot with in urine and other fluids (§ 291), 
arc doubtless very closely allied to this growth. 

Similar vegetable growths liave been found in the stomach, 
intestines, and fieees, and in the discharge from wounds. 
One s])celes occurs in the mucus of the uterus, llelmbreeht 
and Hannover have described minute vegettible growths In 
the humours of the eye.* Dr. Arthur Farrc has described 
an alga which was })assed from the intestinal canal of the 
genius Oseillaria.t 

Many of tliese algre require for their examination very 
high jiowers, and it is necessary to place a very small ])ortion 
under tlu^ thin glass. (Jlycerine is a very favourable medium 
for examining them in. The glass cover should be as thin 



or^nnisHiH lurl I’enirillinm irljuiniiii, from I'onic'iliiuin glauoum, x 
with in uriiir. n. acid urine, x 21 a. 

fonii'* (if funj^i. 1). Viliriones, 

X iMTi. 

as possible, lor often tlieir eliaracters arc not vei’jr (rlearly 
made out unless a twelfth or sixteenth object - glass bo 
employed. Sarcinio may be removed with a pijiette from fluids 
in wliieb they subside as a dejiosit, or, in cases Mdierc the 
mass is very viscid, with the liandle of a knife. If necessary, 
a little water may be added, and the whole covered Avitli thin 
glass, which often requires to be pressed down firmly in order 
to obtain a very thin stratum for examination. 

Qiiotod ill Kuclienmcislov’s '‘Aiiimai and Vo^etalilo Parasites,” translated 
for tlu‘ Sydi*idiain Society, by Dr. Lankester, Vol. ii., 135. 

t “ Transact ions of Microseopieal Society,” Vol. i., piig^e 92, old sori(*s. 
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To examine the algje from the mouth, it is only necessary 
to scrape the upper surface of the tongue, and place the 
cpitlicliuni and debris removed in the usual way, upon a glass 
slide moistened wuth a little water. 

Fungi. 

aso. Pctiiciiiiiini oiaiiciim. — Figs. 263, 2G1‘ show the 
general characters of this fungus, which is often developed in 
acid urine. It is also found in vomit, in the contents of the 
intestinal canal in certain cases, and in other situations. 

The characters of this and the sugar fungus have already 
been referred to in the chapter on ^MTrine.’^ 

3Si. The Aeiiorioii NehcK^iiieinii usually appears as elon- 
gated vesicles, of a more or less oval form (fig. 205^/), many 
of them being rather irregular imj: 

and varying much in size, but 
often joined end to end so as 
to form branches. This fungus 
grows in the hair follicle, and is 
also found in abundance amongst 
the e])itlieliuni in the neighbour- 
liood. It may frecpicntly be seen 
within the hair in considerable 
quantity (hg. 205), and may be 
found in abundance in the little 
honeycomb - like masses, termed 
favus crusts. 

The favus consists of a little 

r»nvifv fillorl with snores of the Arhonon SriKrnfrinii, afterr Robin, 

ea^ixy niieu A>nn spores Ol xne a. Myct Jimn. b. Kcccptach;, ronbiini!.- 

fungus, granules, and epithelial 

cells (fig. 208). One or two hairs usually pass through 
the centre of the favus. The fungus is composed of the 
mycelium («), or the proper substance of the plant ; of a 
receptacle (6), or sporangium, wdiich contains the repro- 
ductive organs; and the reprotluctive organs themselves, or 
the spores. 
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This fungus occurs in Tinea favosa, Porrigo favosa, 
scutulata, &c. The favus may be placed upon a glass slide, 
moistened with water, and subjected to microscopical exam- 
ination. "When the hair is to be examined, the same course 
is pursued, but it will often be found advantageous to treat it 


Pig. 266 Fig. 267. 



Arli(»rion Schtxnili'inii in various stai'os of giwtli, from the crusts of n very cnae of 
1’orri"o favosa. The; liov’s 8cal|) was coiniiletely covered. It laid been entirely neglected, and 
was of eleven years duration. Tlic liuir was everywhere brittle, and its fibres readily seimrated 
from eacdi other. 

Fip. — a. Hair broken near the root, b, Kxtreniify sbowini!: separated fibres, c. Altered 
(•ells of s(|uariU)U8 epithelium from the skin. </. Spurules of the fiiu'^us, forming a dense collection, 
f. Sjiorules and thalli of fungus .sejmrate, .x 130. 

Kig. 207.— l'’ungi from the same specimen, x W)3. 

with a dro]) of solution of potash, which renders the hair 
more transjiarent, and the fungus more distinct. I have 
preserved excellent spdeimens of this fungus in glycerine 
for a year, and there is cvoiy probability of their keeping 
permanently. 

There arc several other species of fungi infesting the 
hair. 

3S2. Ti‘lro|iliyton Tonsurans. — This fungus is found in the 
form of very minute oval or rounded, and perfectly trans- 
li.irent cells, within the hulh, and in the central canal of the 
hair. Its presence deiiends upon the hair having been broken, 
and the escape of the contents. It is always developed in 
the root of the hair. 
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Other species are found in the epithelium of the skin. 
That condition of the skin termed Pityriasis versicolor 
depends upon tlic epithelial cells in the coloured situations 
being infested with spores of another of these minute fungi. 
Cases have occurred in which a previously healthy individual 
has been infected with the disease, after having slept with a 
j)atient suffering from this affection. 

Parasitic plants are met with in the following skin dis- 
eases : — 

1. Tinea tondens. 4. Pityriasis versicolor. 

2. Tinea favosa. 5. Porrigo decal vans. 

3. Mentagra. G. Plica polonica. 

3S9. Aphtiiic; Muffiiet. — The aphthuj which occur upon 
the mucous membrane of the mouth and pharynx of ill- 
nourished infants, and the whitish matter resembling false 


Fig, 20H. 





Fig. 20». 
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portion of a fjivua crust witli ncliorion Oidiuni albicans, after Robin.* 

Sclnjenleinii. a. Mycelium. 6. Receptacle, 
r. Spores. 

membrane, which is sometimes formed in the same situations 
in adidts, who havec long suffered from exhausting diseases, 
and to which the term muguet has been applied, are composed 
of a vegetable fungus, which was first described in 1842, by 
Gruby, and has been spoken of by him under the names 

* “ Histoire !Naturelle dcs Vc%^tanx Parasites (jui croissent s\ir Vliomuie, ct 
siir les Aniinaux vivants,” Paris, IHTyti, See also a review of this work, by 
Dr. Parkes, in the “ British and Poreif^ Medico-Cliirurgical Review/’ October 
1853. 
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of aphtaphyte and cryptogames du muguet. It is placed 
under the genus Oidium, and termed Oidium albicans by 
llobin. The appearance of this fungus is shown in figs. 269, 
270. This fungus is also found in vomited matters. 

384. Diptheritc has been considered by some observers to 
be intimately connected with the development of a vegetable 
growth, and thus its contagious character has been accounted 
for. Other authorities arc of 02 )inion that where the fungus 
is found, its j)rcHcncc in the false membrane is explained by 
sui)posiug that this is a nidus very favourable to its develop- 

Fig. 27(». 



Fungi in various stages of growUi, with epithelium of the inoutli, expectorated by a patient in 
the lust stage of phthisis, x 215 , 

merit. In those cases of cliptlierite which came nncler my 
notice, there m as no vegetable growth in the A'iscid matter 
removed from the fauces.* The microscopical characters 
of the false membrane arc described in 279. 

ass. FiiiiiTUN found In tlie External HleatuH of the Ear. 
Aspergillus? — The vegetable growth represented in fig. 271 
was removed by Mr. Grove from the external meatus of a 
gentleman in good health, who had been sufiering from 

* In one case iliere wore some a%a», but it was afterwards proved satisfac- 
torily tluit these had been iiitrcxluced after the removal of the false membrane 
fnnii the patient’s mouth. 
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inflaniraatioii of the canal. The specimen was given by 
Mr. Deane to Dr. Sturt, who kindly allowed me to have the 
accompanying drawing of it made.* 

^ A ease in which a fungus, of the same kind in all pro- 
bability, was found in the external meatus of a girl, aged 
eiglit, is given by Mayer. She was a scrofulous child, suffer- 
ing from discharge from the ear. Many filaments cojitained 
a receptacle filled with spores. f 

Link considers this fungus to be a species of Aspergillus, 
and Robin places it in tlie same genus. J 

asii. other Foriiis of Fuiif^i. — Low forms of crvptogamia 
have also been found in the lung by Professor Bennett, and 
have been noticed in the stools by him and other observers. 


FijJC. 271. 



frotii llic external car. Aspcruiillus ? x 215. 

Meissner describes a fungus which he found amongst the 
cells of the nails of an octogenarian. The nail was rendered 
trans])arent by caustig soda. It was permeated in every 
part by the fungus. 

The examination of these vegetable growths in the micro- 
scope presents no difficulty; but without care they may 


* The case, accompanied with a drawin|!f, is given in tlie “ Transactions of 
the Microscopical Society/' new scries, Vol. v., jjage 161. 
t Muller's Archiv.," 1844, page 404. 

X Histoire Naturcllc des Vegetaux Panisites," par Ch. Ilohin, 1853. 
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readily he passed over unobserved, as their strueture is very 
delicate, and they are generally accompanied with epithelial 
cells and much debris. A very small piece only should he 
submitted to examination, and should he moistened with a 
little water, glycerine, or dilute syrup. They may be seen 
with a power of 200; hut to bring out their characters clearly, 
a power of 500 to (KX) is required. Many of them may he 
preserved in glycerine. 


C)n tlie subjocts discxissccl in chapter xi., tlie following works may lie cciii- 
sult(ul : — 

Robin, Histoirc Naturcllc d(-‘H Vegotaux Parasites/^ Paris, 1853. \^'ed^s 

** Elenu'iits of l^itbological llistf)logy,” tmiisluted ff>r the Sydenham So(;ic*ty, 
by Professor Husk. Cazt*nave, “ Annales des Maladies de la Pean ct dt^ la 
Spybiles.” Paziii, KtVberehes sur la Nature et Traitement des Teignes,’* 
Paris, 1855. Hennett, ‘^Transactions of the Royal Society,^* Kdinburgli, 1812, 
Vol. XV., and “Lectures on Clinical Medicine, 1858. Gniby, “Cornjites 
Rend.,’* 1813—44. Rayer, “ Traite des Maladies do la Peau,” I’aris, 1835. 
l*a]K‘rs in the “ Transactions of tlui Microscojne^il Society.” Kuebenmeister’s 
“ Manual of Animal and Vegetable Parasites,” translated for the Sydenham 
Sociely, by Dr. Lankestcr. 
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loia. i^euclne’*^ has of late been found in many of tlic 
solids and fluids of the animal body. It is not very soluble 
in water (one part in twenty-seven), but more so in aleoljol. 
Tt crystallizes from aqueous solutions, for the most part in 
spherical masses, which exhibit a radiated arrangemcuit. 
From alcohol leucine is deposited in tlie form of pearly 
scales, somewhat resembling cholestcririe. Dry leucine can 
be sublimed without change. Leucine has been found in 
the saliva, pancreatic juice, and in the jmlmonary tissue 
of the ox (Clocttat). Frerichs and Stiideler have detected 
leucine in the blood, urine, and bile of patients suflering 
from typhus, small pox, and other exanthemata. Dr. Thudi- 
clum found leucine in the urine of a man, whose liver yielded 
a large quantity of it.J It was obtained by concentrating 
the urine. This substance is probably formed in the liver, 
and in health rapidly converted into other compounds. In 
certain diseases it is to be detected in very considerable 
quantity. Crystals of leucine may often be seen in sections 
of livers of patients who have died of jaundice. Frerichs 
has given several figures of leucine crystals in the liver and 
also in the urine. § 

No satisfactory tests for leucine arc yet known. If it can 
be obtained pretty pure by repeated rccrystallization, the 

* These sections should have followed § 161, but were inadvt;rtently 
omitted. 

f ** Chemical Gazette,” 1856, |>age 61. 

J “ A Treatise on the Pathology of the Urine,” 1858. 

§ “ Pathologiscli Anatoinischtrr Atlas zur Leberkrankheiteii,” von l>r. Pried. 
Theor. Frerichs, Braunschweig, 1858. 
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dried leuciiic may be sublimed. The sublimate of aggrega- 
tions of rhombic plates could hydly be mistaken for anything 
else. Urate of soda and many other substances crystallize 
in spherical globes like leucine. Crystals of this form, how- 
(^ver, which arc soluble in alcohol, and again crystallize in 
spherules from an acpieous solution, can hardly be anything 
but leucine. This sul)stancc cannot, therefore, be recognized 
by the form of the crystals alone. 

Lcuciiic may be obtained in quantity by allowing cheese, 
albumen, or flesh, to decompose with about fifty parts of 
water for six weeks. Decomposed liver yields a large quan- 
tity. The fluid is to be boiled with milk of lime. After 
precipitation of the lime by the cautious addition of sul- 
phuric acid, the filtered solution is treated with acetate 
of lead. After filtration, the solution is evaporated to the 
consistence of syrup, and the leucine crystallizes out. The 
addition of alcohol favours the separation of the leucine. 
Lastly ; it is dissolved in water, treated with sulphuretted 
hydrogen, and the leucine obtained pure by recrystallization. 
The best plan for obtaining leucine is to fuse yellow clastic 
tissue, horn, wool, or white of egg, with an equal weight 
of hydrate of potash. As soon as hydrogen begins to be 
evolved and the dark brown mass changes^ to a yellow colour, 
it is removed from the fire. The mass is treated with hot 
water and the highly alkaline solution is to be slightly super- 
saturated with acetic acid. Tyrosine first crystallizes by 
evaporation, but the leucine may be obtained by concen- 
trating the mother-liquor. It may be purified as before 
mentioned. 

iGib. Tyrosine crystallizes in long white needles, and is 
hardly soluble in cold water. It is readily dissolved by 
alcohol, ether, boiling water, the mineral acids, and alkalies. 
According to Hoffmann, if nitrate of protoxide of mercury 
be added to tyrosine, a reddish precipitate is produced, and 
the supernatant fluid is of 'a very dark rose colour. This 
test indicates the presence of mere traces of tyrosine. 

Tyrosine is probably formed in the liver with leucine. 
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It has been deteeted in many of the animal fluids, and has 
been found in the urine by^ Freriehs. 

Tyrosine maj^ be prepared by boiling horn, feathers, or 
hair, with sulphurie acid and water for forty hours. The 
dark brown liquid is to be made alkaline with milk of lime, 
warmed, and then filtered. Sulphuric acid is added to 
neutralization, and crystals of tyrosine arc deposited upon 
evaporating the liquid. 
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KHllATUM. 

Piigo 89, for ‘‘Plates I. aud II. ore ozomjdes ” read “The frontispiece is an example,” A:,c. 


THE END. 
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